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INTRODUCTION 


OBJECTIVES 

There  are  two  main  objectives  of  the  effectiveness  analysts.  The 
first  objective  is  the  development  of  a generalized  methodology  for  assess- 
ing the  effectiveness  of  candidate  system/vessel  combinations.  Fulfill- 
ment of  this  objective  requires  that  the  methodology  have  the  following 
properties: 

. Ability  to  address  all  Issues  which  are  considered  to  be  pertinent 
to  an  effectiveness  assessment  in  general,  and  in  particular  to 
the  specific  candidate  systems  and  vessels  being  considered. 

. Ability  to  accommodate  both  quantitative  and  qualitative  data 
pertaining  to  candidate  system/vessel  combinations  as  well  as 
relevant  assumptions  and  constraints. 

. Ability  to  accommodate  subjective  Judgements  of  the  decision- 
maker. 

. Consistency  between  the  level  of  detail  of  the  analysis  and  data 
availability.  This  property  requires  that  while  full  use  should 
be  made  of  all  system/vessel  data  which  is  either  available  or 
can  readily  be  made  available  data  which  cannot  be  obtained 
within  the  confines  of  the  study  should  not  be  called  for. 

. Ability  to  provide  quantitative  results,  preferably  at  severe  1 levels 
of  detail,  to  facilitate  making  comparisons  and  trade-offs.  How- 
ever, the  quantitative  results  should  be  transparent  to  user, 
i.e.,  readily  i nierpretable  in  terms  of  the  system/vessel  proper- 
ties, the  objectives,  requirements,  constraints,  etc. 

The  second  objective  is  the  application  of  the  effectiveness  assess- 
ment methodology  to  the  viable  candidate  system/ vei.sel  combinations 
included  in  this  study.  The  results  of  this  appilcatF  aul'd  in  turn  be 
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used  to  study  the  cost  versus  effectiveness  relationship  of  the  candidates 
in  order  to  choose  an  optimum,  i.e.,  most  cost-effective  candidate  system 
for  each  vessel  class. 


SCOPE  OF  EFFECTIVENESS  ANALYSIS 

The  effort  under  this  portion  of  the  study  includes  the  following: 

, Development  and  documentation  of  a gvineralized  effectiveness 
modeling  and  assessment  methodology. 

, Development  and  documentation  of  a generalized  computer 

program  for  quantifying  the  effectiveness  of  candidate  system/ 
vessel  combinations. 

. Development  of  an  effectiveness  model  suitable  for  analyzing 
candidate  wastewater  management  systems  (WMS)  for  selected 
U.S.  Coast  Guard  vessels.  The  candidate  systems  are  intended 
for  managing  the  black  (output  from  commodes,  urinals  and 
garbage  grinder)  and  gray  (galley  and  turbid,  i.e.,  output  from 
sinks,  showers,  laundry,  deck,  drains,  etc.)  wastewaters  aboard 
the  vessels. 

. Development  and  documentation  of  the  effectiveness  attribute 
data  required  as  input  to  the  effectiveness  model. 

. Exercise  the  effectiveness  model  by  substituting  the  data  and 
developing  quantitative  effectiveness  assessments  for  all  viable 
candidate  system/ vessel  combinations. 

Systems  and  Vessels  Analyzed 


The  systems  and  vessels  considered  for  the  effectiveness  quantification 
are  the  18  WMS  concepts  in  configurations  suitable  for  each  of  the  six 
vessels  Included  In  this  study  (see  Volume  IV).  Of  these,  effectiveness 
attribute  data  Were  developed  and  results  obtained  only  for  those  system/ 
vessel  combinations  which  were  Judged  to  be  viable  candidates  on  the 
basis  of  the  installation  analysis  (see  Volume  III) . 
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General  Applicability  of  the  Effectiveness  Assessment  Methodology 


Although  specific  results  were  obtained  for  the  viable  candidate 
system/ vessel  combinations  included  in  this  study,  both  the  concepts  and 
the  procedural  steps  of  the  effectiveness  modeling  and  quantification 
methodology  developed  as  part  of  this  study  are  general  and  have  wide 
applicability.  Specifically,  this  methodology  is  applicable  to  any  type 
of  problem  which  can  be  cast  in  the  context  of  choosing  an  optimum  (i.e,, 
most  cost-effective)  candidate  from  a number  of  available  legitimate  alter- 
natives. These  alternative  candidates  do  not  necessarily  have  to  be 
systems.  Thus,  the  candidates  maybe  alternative  choices  of  processes  or 
(e.g.,  chemical),  alternative  approaches  to  solving  a problem,  etc. 

Furthermore,  the  computer  program  for  quantifying  effectiveness  was 
not  written  for  any  one  specific  effectiveness  model.  Instead,  the  effective- 
ness model  (and  its  associated  data)  are  part  of  the  input.  As  a result,  this 
computer  program  is  capable  of  handling  any  type  of  problem  as  soon  as 
the  necessary  inputs  have  been  developed. 

Limitations 

The  effectiveness  ratings  presented  herein  are  applicable’ to  the 
specific  systems  and  vessels  included  in  this  study.  Furtherm  re,  these 
results  reflect  the  assumptions,  objectives,  requirements  and  constraints 
which  are  part  of  the  context  of  this  study.  As  a resuli,  caution  is  advised 
in  attempting  to  use  these  remits  directly  for  systems  and/or  vessels  others 
than  those  specifically  included  in  this  study,  or  in  a different  context. 

The  effectiveness  ratings  are  subject  to  the  following  considerations. 
The  effectiveness  attributes  used  as  the  basis  for  the  ratings  are  a mixture 
of  objectively  determined  system/vessel  characteristics  as  well  as 
subjectively  determined  qualitative  system/ vessel  characteristics 
based  on  the  analysis  of  the  marine  sanitary  devices  (MSDs)  and  the 
candidate  WMS  systems  which  we  hybridized  from  these  MSD  subsystems, 
(see  data  in  Volumes  I,  III  and  V). 
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In  addition,  tho  elements  of  the  effectiveness  model,  especially  the  weight 
assignment  and  the  effectiveness  rating  functions  are  based  on  subjoctive 
Judgements,  As  a rosult,  if  one  agrees  with  those  judgements  as  well  as 
the  data  used,  then  ono  may  also  accept  tho  validity  of  the  results.  On 
the  other  hand,  if  one  has  reservations  about  the  accuracy  of  the  data  and/ 
or  strongly  disagrees  with  the  subjective  judgements  inherent  in  the  effective- 
ness model,  then  one  may  question  the  validity  of  the  results,  in  such 
casos,  ono  can  substitute  different  data  and/or  subjective  judgements, 
assumptions,  etc.,  and  obtain  a new  set  of  results  (at  least  in  principle, 
even  if  one  may  not  actually  wish  to  do  this),  in  either  case,  the  data, 
the  subjectivo  judgements,  the  assumptions,  otc.,  used  are  all  documented 
and  are  accessible.  Another  relevant  point  to  keep  in  mind  is  that  tho 
offoctlvenoss  ratings  are  not  to  bo  used  in  an  absolute  sense  but  rather  as 
a moans  of  comparing  candidate  systems  for  the  purposo  of  discerning 
differences  among  the  alternatives  available.  In  this  connection,  it  is 
noted  that  sinco  tho  same  effectiveness  model  is  used  to  assess  the  can- 
didate systems  and  tho  same  gonoric  MSD  subsystem/ oqulpmont  data  is 
used  for  all  system/vossol  combinations,  all  candidates  aro  troatod  equally. 
Honco,  bias  (to  bo  distinguished  from  subjoctive  judgement)  in  the  results 
Is  avoided. 

ASSUMPTIONS 

Tho  assumptions  which  govern  tho  effectiveness  analysis  of  the 
candidate  system/vossol  combinations  are  primarily  those  which  wore  used 
in  the  uevolopmont  of  tho  offoctlvenoss  attribute  data  and  the  development 
of  the  effectiveness  model.  The  assumptions  pertaining  to  the  effectiveness 
attribute  data  aro  documented  in  Volumes  V and  III  for  the  MSD  effectiveness 
attribute  data  and  for  tho  WM8  installation  effectiveness  attribute  data, 
respectively.  Assumptions  pertinent  to  the  effectiveness  model  are  primarily 
tho&o  used  In  the  development  of  the  effectiveness  rating  functions  (FRFs) 
and  appear  as  port  of  tho  FRF  documentation. 


4 


b . •ju**'«o*w|<wwi  fiwr,w,»wir  Wf.  * 


APPROACH 

The  approach  used  in  the  development  of  the  effectiveness  analysis 
methodology  and  its  application  to  the  candidate  system/vessols  combina- 
tions included  in  this  study  is  discussed  briefly  below. 

Development  of  the  Effectiveness  Assessment  Methodology 

The  basic  concepts  which  form  the  basis  of  this  effectiveness  assess- 
ment methodology  are  not  new  and  there  are  a number  of  precedents  for  their 
use.  A prior  application*  of  these  concepts  might  be  described  as  the  develop- 
ment of  the  underlying  philosophy  and  theory  of  the  approach  to  the  status  of 
an  art.  The  main  objective  of  this  effort  was  a refinement  of  this  effective- 
ness analysis  approach  and  additional  development  (and  documentation)  of 
the  procedural  aspects  of  the  approach,  leading  to  a general  and  well  defined 
methodology  with  clearly  identifiable  steps . 

The  effectiveness  assessment  methodology  is  the  system  of  analysis 
techniques  and  associated  computational  procedures  which  start  with  the 
relevant  information  concerning  the  candidates  and  their  associated  context 
as  an  input,  and  generated  quantitative  effectiveness  ratings  as  an  output.. 

This  methodology  consists  of  procedures,  guidelines  and  computational 
aids  for  executing  the  following  three  main  steps  of  the  effectiveness 
assessment. 

. Development  of  the  effectiveness  model 

. Development  of  effectiveness  attribute  data  geared  to  the 
effectiveness  model. 

, Quantification  of  effectiveness. 

* S.  Orbach  and  R.  Field,  "Cost  Effectiveness  Study  of  Selected  Marino 
Sanitary  Devices;  Effectiveness  Assessment,  " Phase  II  Final  Roport, 

NSRDC  Report  4426,  September  1974,  Contract  N00600-72-D-0613, 

Conducted  by  Bradford  National  Corporation  and  NSRDC. 


The  development  of  the  effectiveness  model  consists  of  the  following 
identifiable  steps; 

Selection  of  a set  of  measures  of  effectiveness  (M/Es) . The 
M/Es  constitute  a set  of  highest  level  overall  criteria  which  will 
be  the  basis  for  assessing  the  effectiveness  of  the  candidates. 

Assignment  of  M/E  weights.  These  M/E  weights  are  used  to 
indicate  the  importance  of  each  M/E  in  relation  to  the  others. 

Determination  of  the  factors  and  subfactors  of  each  M/E. 

Factors  result  from  a breakdown  of  an  M/E  into  its  constituent 
lower  level  subordinate  criteria  which  are  implied  by  the  higher 
level  criterion  represented  by  the  given  M/E.  Subfactors 
result  from  a breakdown  of  a factor  or  another  subfactor  Into  its 
constituent  lower  level  subordinate  criteria  which  are  implied  by 
the  higher  level  criterion  represented  by  the  given  factor  or  sub- 
factor. Elementary  factors  or  subfactors  are  those  which  have 
n,o  subordinate  subfactors  and  which  can  be  directly  related  to 
ong  or  more  attributes  of  the  candidates  under  consideration. 

, Assignment  ot  factor/subfactor  weights . These  weights  are  used 
to  indicate  the  importance  of  each  factor/subfactor  (l.e.,  criterion) 
in  relation  to  the  others  at  the  same  level  of  subordination. 

. Development  of  an  effectiveness  rating  function  (ERF)  for  every 
elementary  factor/subfactor.  An  ERF  constitutes  a functional 
relationship  between  the  candidate  attribute  (characteristic) 
relevant  to  the  given  elementary  factor/subfactor  and  an  effective- 
ness rating  which  is  a quantitative  measure  of  the  candidate's 
acceptability,  quality,  worth,  etc. .with  respect  to  the  given 
criterion.  The  ERFs  constitute  an  important  element  of  the 
effectiveness  model.  They  provide  a mechanism  for  systematically 
bringing  together  and  Integrating  the  essential  elements  of  the 
effectiveness  assessment,  namely: 
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Assumptions,  goals,  requirements  and  constraints . 


, , Technical  information 

, . Subjective  Judgements  of  the  decision  maker 

The  effectiveness  attribute  data  required  is  determined  by  the  ERFs. 

The  ERFs  also  determine  the  format  of  these  data  and  a numbering  scheme 
which  uniquely  identifies  each  ERF  within  each  M/E  is  used  to  associate 
the  data  with  the  corresponding  ERF.  An  important  aspect  of  the  develop- 
ment of  the  ERFs  and  the  associated  effectiveness  attribute  data  is  its 
flexibility  with  respect  to  the  type  and  level  of  detail  of  the  required  data. 
This  ensures  that  the  data  requirements  are  realistic  and  are  consistent 
with  common  practice  in  the  field,  i.e,,  the  analyses  performed  in  support 
of  the  effectiveness  assessment  such  as  MSD  analysis,  Installation  analysis, 
life  cycle  cost  analysis,  etc.  Thus,  the  development  of  effectiveness 
attribute  data  represents  another  important  mechanism  for  integrating  the 
results  of  the  various  analyses  which  are  normally  performed  in  the  course 
of  studying  the  candidates. 

The  quantification  of  thu  effectiveness  is  accomplished  by  relating 
the  rating  at  any  level  of  subordination  In  the  effectiveness  model  to  the 
next  lower  level  elements  of  the  model  as  tho  sum  of  products  of  the  ratings 
and  associated  weights  of  these  elements.  Thus,  starting  with  tho  elemen- 
tary foctors/subfactors,  the  next  higher  level  subfactor  or  factor  rat'ngs  are 
given  as  the  sum  of  products  of  the  elementary  factors/subfactors.  Similarly, 
the  rating  for  a given  MA  is  obtained  as  the  sum  of  products  of  its  factor 
ratings  and  their  associated  weights.  Finally,  the  overall  effectiveness 
rating  is  obtained  aB  the  sum  of  the  products  of  MA  ratings  and  their 
associated  weights.  Once  the  effectiveness  model  and  the  associated 
effectiveness  attribute  data  have  been  developed,  the  quantification  of 
effectiveness  la  fairly  straightforward  and  Is  accomplished  by  a computer 
program.  The  output  of  the  computer  program  consists  of  on  overall  effec- 
tiveness rating  for  each  candidate  as  well  as  effectiveness  ratings  with 
respect  to  each  M/E. 
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As  pan  of  the  development  of  the  effectiveness  assessment 
methodology,  the  above  steps  have  been  documented  tn  greater  detail  and 
■guidelines  far  executing  these  steps  have  been  included  (see  "Discussion 
of  the  Effectiveness  Assessment  Methodology  and  Application  Guidelines"). 
A summary  of  the  methodology  is  presented  in  Figure  l which  shows  the 
three  main  steps  of  the  procedure  namely,  development  of  the  model,  use 
effectiveness  attribute  data  and  quantification  of  effectiveness.  It  is 
noted  both  from  the  previous  discussion  of  the  development  of  the  elements 
of  the  effectiveness  model  and  from  Figure  1 that  the  M/Es,  the  factor/ 

5 subfiactcrs  end  their  associated  levels  of  subordination  constitute  a 
hierarchy.  Actually,  four  types  of  hierarchies  can  be  discerned  In  con- 
nection with  the  effectiveness  assessment  methodology,  namely: 


A hierarchy  of  objectives  and  requirements . 


A hierarchy  of  criteria  associated  with  the  objectives  and 
reqylremerSs, 


A hierarchy  indicating  the  importance  of  each  criterion  in 
relation  to  the  others . 


A hierarchy  of  effectiveness  ratings  which  are  quantitative 
measures  of  the  degree  to  which  each  criterion  in  the  hierarchy 
Is  satisfied  by  each  candidate. 


The  first  three  hierarchies  are  associated  with  the  effectiveness 
model  and  the  last  hierarchy  is  associated  with  the  quantification  of 
effectiveness.  However,  it  is  noted  from  Figure  1 that  the  quantification 
of  effectiveness  includes  the  use  of  the  weights.  Thus,  the  weights 
possess  a dual  character,  namely,  as  indicators  of  the  importance  of  the 
relative  importance  of  each  criterion  (related  to  the  effectiveness  model), 
and  as  numbers  used  In  obtaining  the  ratings  (related  to  the  quantification 
process).  Finally,  it  is  noted  that  the  development  of  the  effectiveness 
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model  can  be  characterized  as  analysis  (top  to  bottom  processes),  whereas 
the  quantification  of  effectiveness  can  be  characterized  as  synthesis 
(bottom  to  top  process).  The  above  discussed  relationships  in  connection 
with  the  effectiveness  assessment  methodology  are  summarized  below. 


ANALYSIS 


VSF?— 


SYNTHESIS 


Development  of  the  Computer 


ram  for  Quantifying  Effectiveness 


ition  of  effectiveness  is  essentially  a 
procedure,  the  magnitude  of  the  calculations 
o attempt  this  manually.  As  a result,  a 
ed  in  order  to  perform  these  calculations 
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rapid  and  accurately.  An  important  feature  of  the  computer  program  is 
that  is  was  not  developed  for  any  specific  effectiveness  model.  Instead, 
the  effectiveness  model*  (and  its  associated  data)  is  an  input  to  the  program. 
Thus,  this  computer  program  is  general  and  applicable  to  a wide  range  of 
problems,  and  constitutes  an  essential  element  of  the  effectiveness  assess- 
ment methodology. 

Development  of  the  Effectiveness  Model 

The  effectiveness  model  for  the  wastewater  management  system 
(WMS)  candidates  and  the  vessels  included  in  this  study  was  developed 
in  accordance  with  the  principles  of  the  effectiveness  assessment 
methodology,  following  the  prescribed  step-by-step  procedures  (see 
"Results  of  Applying  the  Effectiveness  Assessment  Methodology  to  the 
Candidate  System  Vessel").  Seven  measures  of  effectiveness  (M/Es)  were 
chosen  as  follows: 

. Adaptability  for  shipboard  installation 
, Performance 
. Operability 
. Personnel  Safety 
Habitability 
. Reliability 
. Maintainability 

Each  M/E  was  then  broken  down  into  its  constituent  factors  and 
subfactors.  Weights  were  then  assigned  to  the  M/Es  and  to  the  factors 
and  subfactors  at  each  level  of  subordination. 


*It  is  noted  that  for  purposes  of  the  computer  program,  the  effectiveness 
model  does  not  include  the  ERFs  and  the  input  data  include  the  elementary 
factor/subfactor  ratings  for  each  candidate  system/vessel  combination. 
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An  effectiveness  rating  function  (ERF)  was  then  developed  for  each 
elementary  factor/subfactor.  Figure  2 shows  the  form  used  for  document- 
ing these  ERFs,  This  form  also  facilitates  recording  the  effectiveness 
attribute  data  and  effectiveness  ratings  for  each  viable  candidate  system/ 
vessel  combination  associated  with  the  given  ERF.  The  effectiveness 
model  used  resulted  in  111  individual  ERFs  which  are  uniquely  identified 
by  the  numbering  scheme  for  factors  and  subfactors.  Thus,  each  viable 
candidate  system/vessel  combination  is  evaluated  on  the  basis  of  111 
individual  criteria . 

Decision-Maker  Participation 

One  of  the  tenets  of  this  effectiveness  assessment  methodology 
is  that  in  order  to  produce  meaningful  results,  it  is  necessary  for  the 
decision-maker  to  participate  in  the  development  of  the  effectiveness 
model.  In  conformity  with  this  principle,  the  effectiveness  model  was 
developed  in  consultation  with,  and  the  active  participation  of,  cognizant 
U.S.  Coast  Guard  technical  representatives.  Such  Coast  Guard  partici- 
pation was  extensive  in  the  levelopment  of  the  structure  of  the  effective- 
ness model,  i.e.,  the  choice  of  the  M/Es  and  the  breakdown  of  each  M/E 
into  its  factors/subfaclors  and  the  associated  levels  of  subordination. 

The  M/E  as  well  as  the  factor/subfactor  weights  assignments  were  made 
by  the  Coast  Guard.  Finally,  the  development  of  the  ERFs  was  carefully 
coordinated  with  the  Coast  Guard  technical  monitor. 

Development  and  Documentation  of  Effectiveness  Attribute  Data 

The  effectiveness  Attribute  Data  required  as  input  to  the  effective- 
ness model  is  defined  by  the  ERFs.  These  data  came  from  three  different 
sources  which  represent  three  types  of  analyses  performed  as  part  of  this 
study,  namely: 
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effectiveness  ratings  for  elementary  factors/subfactors 
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Figure  2 

FORM  USED  FOR  DOCUMENTING  EFFECTIVENESS  RATING 
FUNCTIONS  AND  ASSOCIATED  ATTRIBUTE  DATA  AND  RATINGS 
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. The  MSD  analysis 

, The  WMS  installation  analysis 

. The  WMS  life-cycle  cost  analysis 

Results  of  the  MSD  analysis  are  presented  in  Volume  V of  this 

report.  Figure  3 shows  a sample  form  which  was  used  to  document  MSD 

related  effectiveness  attribute  data.  It  is  noted  from  Figure  3 that  the 

MSD  effectiveness  attribute  data  was  developed  and  presented  on  a 

* 

subsystem  level  in  accordance  with  the  manner  in  which  the  MSDs  were 
hybridized  to  form  the  candidate  WMS  concepts . For  ease  of  reference, 
each  MSD  subsystem  characteristic  is  keyed  to  the  associated  ERF  by 
the  unique  factor/subfactor  identification  scheme. 

Results  of  the  WMS  installation  analysis  are  presented  in  Volume  III 
of  this  report.  Figure  4 shows  a sample  form  which  was  used  to  document 
WMS  installation  related  effectiveness  attribute  data.  These  data  were 
developed  and  are  presented  on  an  overall  WMS  basis.  It  is  noted  from 
Figure  4 that  each  WMS  installation  characteristic  is  keyed  to  the  asso- 
ciated ERF  by  the  numbering  scheme  for  uniquely  identifying  each  factor 
and  subfactor. 

Results  of  the  WMS  life-cycle  cost  analysis  are  presented  in 
Volume  I of  this  report.  Some  of  the  data  resulting  from  this  analysis 
(e.g.,  vessel  resource  usage,  labor  and  parts  requirements  for  operation 
and  maintenance),  constitute  effectiveness  attribute  data.  Most  of  these 
data  were  developed  and  presented  on  an  overall  WMS  basis. 

The  manner  in  which  the  above  discussed  effectiveness  attribute 
data  is  used  for  rating  elementary  factors/subfactors  is  documented  by 
the  corresponding  ERFs.  In  order  to  facilitate  the  quantification  of 
effectiveness,  the  effectiveness  attribute  data  for  each  viable  candidate 
system/vessel  combination  was  recorded  on  the  form  in  Figure  2 in  the 
format  specified  by  the  ERF.  As  noted  from  Figure  2,  this  form  has  a 
provision  for  indicating  the  source  of  the  data  and  it  also  lists  the  non- 
viable  system/vessel  combinations  for  which  no  effectiveness  attribute 
data  (and  no  ratings)  were  developed. 
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Sheet  1 of 4 


PERFORMANCE 


Attribute  Data 


Characteristics 


Effect  of  peak  hydraulic  loads  in  hlack’  *’  water  iQUin  on  MSD  perfoc mane*  ' 

(a)  No  significant  effect  of  black  water  peaks  on  MSD  subsyssem  performance. 

(b)  Effect  of  bUck  water  peaks  ii  of  short  duration,  wiifc  temporary  Implica- 

tion* for  MSD  subsystem  performance.  easy  to  overcome. 

(c)  Long-term  effect  of  black  wa*r  peak*,  difficult  to  overcome,  with  long- 

term l m pile  a cl  ora  for  MSD  subsystem  performance. 

(d)  No  ability  of  MSD  subsystem  to  handle  black  water  peaks. 


Effect  of  peak  hydraulic  loads  in  gray'*  v itei  stream  oo  MSD  performance  pi) 

(a)  No  significant  effect  of  grey  water  peaks  on  MSD  subsystem  performance. 

(b)  Effect  of  gray  water  peata  is  of  short  duration,  with  temporary  implications 

for  MSD  subsystem  performance,  easy  to  overcome, 

(c)  Long-term  effect  of  gray  water  peaks,  difficult  to  overcome  with  Long-term 

Implications  for  MSD  subsystem  performance. 

/d)  No  ability  of  MSD  subsystem  to  handle  gray  water  peaks. 


Effect  of  low  flow  coalitions /long  idle  Hines  in  Mack  water  stream  on  MSD 
performance!3) 

(a)  No  significant  effect  of  black  water  low  flow  coadltiona/loog  idle  times  on 

MSD  subsystem  performance. 

(b)  Effect  of  black  water  low  flow  condition* /Jong  idle  times  of  short  duration. 

with  tempotwy  implications  for  MSD  subsystem  performance,  easy  to 
overcome. 

(c)  Long-term  effect  of  black  water  low  flow  conditions  /long  Idle  times, 

difficult  to  overcome,  with  long-term  imp  lie  adorn  for  MSD  subsystem 
performance. 

(d)  No  ability  of  MSD  subsystem  o handle  black  water  low  flow  coodidom/ 

loojt  Idle  times.  . _ 


(1)  Includes  instantaneous, hourly  and  dally  loads. 

(2)  Peak  load  handling  ability  depends  on  C/T  subsystem.  The  ability  of  an  MSD  which  employs  an  influent  surge  tank  to 

handle  peaks  usually  depends  almost  entirely  on  the  sizing  of  this  tank. 

(3)  An  example  of  low  flow  condition  U when  7 Sr’v  of  the  crew  is  not  on  board  vessel  for  a week  and  usage  rate  by 

remaining  L’jrvot  crew  is  normal.  Long  idle  tiroes  are  on  die  order  of  several  weeks  of  virtually  no  usage  of  MSD. 


Figure  3 


SAMPLE  DATA  FORM  USED  FOR  DOCUMENTING 


MSD  EFFECTIVENESS  ATTRIBUTE  DATA 
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WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 
Vessel  
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M/E  I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION 
INSTALLATION  CHARACTERISTIC 


Required  black  water  handling  capacity  fry;  fftiel  versus  acuial  capacity  of  W S.JS 

(a)  Actual  capacity  of  WMS  equal;  oe  exceed*  required  capacity  for  vessel. 

(b)  WMS  nufgiaaUy  suitable  vo»el  {hit  Ss-S'/c  required  capacity). 

(c)  WMS  capacity  (nvflkicM  foe  ve*cl  (Lc*  thin  9Vw of  required  capacity). 
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Required  gt-sv  water  handling  capacity  j 

(a)  Actual  capacity  <*i  l-MS  equals  or 
{b)  WMS  marginally  suitable  for  vessel 
<«)  WMS  capacity  iuvufftcient  for  vetat 

or  vutt< 
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Extent  of  additional  wpport  ry  stems  or  eq,dpmenr  rrqu'rtl'  to  accommodate  WMS1 

(a)  No  additional  support  s/aaemi  or  equipments  required. 

(b)  Some  additional  support  ryiterra  or  equipment  required. 

{c",  Many  additional  ^import  cyiten*  or  equipments  rcqulxr.a, 


0) 
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■WMS  P 
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Example*:.  Firefighting  system  must  ht  installed  wiui  Incinerator. 

. Bilge  alar! A required  If  larga  tank  U installed  above  hllge, 

•*  Compressor  required  on  vttaeli  that  do  not  already  h.cvc  one. 

. Oetectcrt  of  toxic  or  noUoiu  gaies  should  re  Installed  with  any  system  that.  aa  an  Inherent  design 
feature,  uaei  such  gaiet  In  prooexsing  wjutc*. 


f3> 


Need  for  support  ryucm/equlprucnt  tow  ncv.  significantly  reduce  WMS  suitability  for  on -board  Installation- 
Suit  Ability  of  WMS  for  InstalUdrn  on  vessel  significantly  reduced, 
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Extent  of  fixture  modifications  required  fcx  VMS  l retaliation 

(i)  Ho  fixtures  ncal  uvulficadon  « replacement. 

Some  fixtures  uecd  modification  or  replacement, 

(C;  All  commodes  peed  replacement  and  nfcxijfication  of  urlf-al -associated  equipment  (c.g, , urinal  discharge  vulver) 

It  required . 

(d)  All  fixtures  need  replacement  or  modification  (e.g.,  replacement  or  commode*  and  urinal  flmhometTTt). 

fe)  AU  fixutrea  need  replacement  or  modification  and  twh  fixture  has  additional  hookup  requirement*  oasocUtcd  with  It, 
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Figure  4 

SAMPLE  FORM  USED  FOR  DOCUMENTING  WMS 

installation  effectiveness  attribute  data 
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Some  ERFs  call  for  effect) veness  attribute  data  from  more  than  one 
source,  o.g.,  some  elementary  factor/subfactor  ratings  for  the  M/Es 
PERSONNEL  SAFETY  and  for  HABITABILITY  depend  on  data  from  both  MSD 
related  as  well  as  WMS  installation  related  effectiveness  attribute  data. 

In  such  cases,  both  sources  of  data  would  be  indicated  on  the  form  in 
Figure  2.  As  was  noted  earlier,  MSD  related  effectiveness  attribute  data 
where  developed  and  documented  on  a subsystem  level.  Usually,  such 
MSD  data  are  recorded  on  the  form  in  Figure  2 for  the  three  major  sub- 
systems of  each  WMS  concept,  namely: 

. The  black  water  Collection/Transport  subsystem 

. The  black  water  Treatment/Disposal  subsystem 

. The  gray  water  Treatment/bi sposal  subsystem 

The  relationship  between  the  above  WMS  subsystems  and  corresponding 
MSD  subsystems  is  conveyed  by  Tables  1 and  2.  These  tables  serve  as 
a guide  to  the  MSD  effectiveness  attribute  data  presented  in  Volume  V of 
this  report.  Table  1 enables  easy  identification  of  the  MSD  subsystems 
corresponding  to  each  WMS  concept.  Table  2 facilitates  easy  identification 
of  each  WMS  concept  which  utilizes  a given  MSD  subsystem.  Thus,  if  the  data 
for  any  given  MSD  subsystem  were  changed,  Table  2 facilitates  easy  iden- 
tification of  all  WMS  concepts  that  would  be  affected  by  such  a change. 

Quantification  of  Effectiveness 

As  a first  step  in  the  quantification  of  effectiveness,  a rating 
was  obtained  for  each  viable  candidate  system/vessel  combination 
with  respect  to  each  elementary  factor/subfactor.  This  was  accomplished 
by  performing  Ihe  necessary  manipulations  of  the  effectiveness  attribute 
data  as  specified  by  the  attribute  variable  of  each  ERF  and  then  using 
the  quantified  attribute  variable  in  the  functional  relationship  specified 
by  the  ERF.  The  resulting  ratings  were  recorded  on  the  form  shown  in 
Figure  2.  These  ratings  for  the  elementary  factors/subfactors  were  then 
used  (together  with  the  effectiveness  model)  to  prepare  the  necessary 
inputs  for  the  computer  program  for  quantifying  effectiveness.  The  output 
from  the  computer  program  are  overall  effectiveness  ratings  as  well  as 
ratings  with  respect  to  each  M/E  for  each  viable  systom/vessel  com- 
bination, 17 


Table  1 

WMS/MSD  CROSS  REFERENCE  FOR  EFFECTIVENESS  ATTRIBUTE  DATA 


WMS  [ 
No. 

^ollection/Transport 

Treatment/Dlsposal  Subsystem  1 

Subsystem  (Black) 

Black  j 

1 

CHT 

CHT 

CHT 

2 

Chrysler 

Chrysler  with  Hold- 
ing Tank 

CHT 

3 

Chrysler 

Chrysler  with  Inci- 
nerator 

CHT 

4 

Grumman 

Grumman  with  Hold- 
ing Tank 

CHT 

5 

Grumman 

Grumman  with  Holding  Tank 

6 

CHT 

CHT 

Grumman  with  Holding 
Tank 

7 

Grumman 

Grumman  with  Inci- 
nerator 

CHT 

8 

Grumman 

Grumman  with  Incinerator 

9 

Jerea  ^ 

CHT 

CHT 

10 

Jored  ^ 

Terod./Thiokol  (2) 
ncinerator  _ J 

CHT 

11 

jered  ^ 

GATX 

CHT 

12 

Jored  ^ 

CHT 

. . 

Grumman  wlch  Holding 
Tank 

13 

Jored 

Thlokol  (3) 

Incinerator 

Grumman  with  Incine- 
rator 

14 

GATX 

CHT 

CHT 

15 

GATX 

Jored/Thlokol 
lncinorator  

CHT 

16 

GATX 

GATX 

CHT 

17 

GATX 

CHT 

Grumman  with  Holding 
Tank 

18 

GATX 

Thlokol  (3) 

Incinerator 

Grumman  with  Incine- 
rator 

(1)  Largo  or  small  boat  system,  depending  on  vessel,  Effect! venose  attri- 
bute data  based  on  large  boat  system, 

(2)  Jored  or  Thlokol  lncinorator,  depending  on  vessel.  Effectiveness  attri- 
bute data  based  on  Jored  incinerator, 

(3)  Thlokol  Incinerator  used  In  conjunction  with  the  Grumman  MSD  treating 
the  gray  water  stream.  Effectiveness  attribute  data  based  on  Jeied 
incinerator. 
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Table  2 


MS D/W MS  CROSS  REFERENCE  FOR  EFFECTIVENESS  ATTRIBUTE  DATA 


TERED 


Collection/Transport 
Subsystem  (Black) 


Treatment/Disposal 
Subsystem  (Black) 


9,  10,  11,  12,  13 


10*,  13**,  15*.  18** 


GATX 


Collectton/Transport 
Subsystem  (Black) 


Treatment/Disposal 
Subsystem  (Black) 


14,  IS,  16,  17,  18 


11,  16 


CHRYSLER  

Treatment7Disp<?sal  Subsystem  (Black) 


Collection  /Trans  port 


Subsystem  (Black) 

With  Holding  Tank 

With  Incinerator 

2,  3 

2 

3 

■ — ■■■-  - ■ ...  ■■  — . — 

GRUMMAN 

Collection/Transport 
Subsystem  (Black) 

Treatment  /Disposal  Subsystem  j 

With  Holdina  Tank 

With  Incinerator  I 

Black 

Gray 

Black 

Gray 

4,  5,  7,  8 

4,  5 

5,  6,  12, 
17 

7,  8 

8,  13.  18 

CHT 


Collection/Trans  port 
Subsystem  (Black) 

Treatment/D 

isposal  Subsystem 

Black 

Gray 

1,  6 

1,  6,  9,  12,  14, 

17 

1,  2,  3,  4.  7,  9,  10.1), 
1*  iS,  16 

* Jered  or  Thiokol  incinerator.  Effectiveness  attribute  date 
based  on  Jered  Incinerator. 

**  Thiokol  incinerator.  Effectiveness  attribute  data  based  on 
Jered  incinerator. 
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The  definitions  of  certain  terms  used  in  conjunction  with  this  effec- 
tiveness assessment  methodology  are  gtven  below. 

Attribute  < " 

A quantitative  or  qualitative  characteristic  of  the  candidate  systems/ 
subsystems  Equipments  and/or  vessels  which  is  used  as  the  basis  for 
assigning  an  effectiveness  rating  to  elementary  factors  /subfactors.  Attri- 
bute is  also  used  in  connection  with  the  following: 

. Attribute  Data 

% mmmm  — - ■-  ■-■— 

The  quantitative  or  qualitative  "values"  of  specific  attributes 
or  attribute  variables  for  the  candidate  system/vessel  com- 
binations. 

, Attribute  Variable 

A variable  which  is  used  for  quantifying  an  attribute  of  candidate 
system/vessel  combinations.  Attribute  variables  are  often 
functions  which  relate  attribute  data  at  the  system/subsystem/ 
equipment/vossel  level  to  a numerical  or  qualitative  "value" 
which  is  used  in  conjunction  with  effectiveness  rating  functions 
to  obtain  an  effectiveness  rating  for  elementary  factors/sub- 
factors . 

Effectiveness 

The  overall  quality  of  a candidate  determined  on  the  basis  of  how 
well  the  candidate  fulfills  specified  objectives,  requirements  and  constraints. 
Effectiveness  can  bo  quantified  and  the  resulting  number  is  the  effectiveness 
rating  of  the  candidate  which  is  a quantitative  moasuro  of  the  degree  to 
which  the  candidate  has  satisfied  the  aggregate  of  all  established  individual 
criteria  and  their  lelatlvo  importance. 
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Elementary  Factor/Subfactor 

A factor  or  subfactor  which  has  no  subordinate  subfactors  and  which 
can  be  readily  related  to  a single  attribute  (or  a function  of  one  or  more 
attributes)  of  the  candidate  system/vessel  combinations  being  analyzed. 

Factors 

The  set  of  criteria  which  are  implied  by  a M/E . Factors  are  char- 
acterized (for  any  candidat  system/vessel  combination)  numerically  by 
two  quantities,  namely,  a rating  (which  measures  how  well  the  candidate 
satisfies  the  criterion)  and  a weight  (which  indicates  how  important  this 
factor  is  in  relation  to  the  other  factors  of  the  same  M/E) . 

Level  of  Subordination 

The  indenture  of  a given  factor  or  subfactor  in  the  hierarchical 
structure  of  the  effectiveness  model.  A numbering  scheme  used  to  uniquely 
identify  each  factor/subfactor  within  each  M/E  Indicates  the  level  of 
subordination. 

Measures  of  Effectiveness  (M/Es) 


The  set  of  highest  level  criteria  used  as  the  basis  for  assessing  the 
overall  effectiveness  of  candidate  system/vessel  combinations.  M/Es 
are  characterized  (for  any  candidate  system/vessel  combination)  numberically 
by  two  quantities,  namely,  a rating  (which  measuies  how  well  the  candidate 
satisfies  the  criterion)  and  a weight  (which  indicates  how  important 
this  M/E  is  in  relation  to  the  others) , 

Rating 

A quantity  which  measures  the  degree  to  which  a candidate  satisfies 
either  a single  criterion  or  the  aggregate  of  a set  of  criteria  and  their  relative 
importance,  A rating  is  given  as  a percentage  in  the  range  of  0 to  100%,  using 
the  convention  that  the  higher  the  rating  the  greater  the  degree  of  acceptability 


or  quality  of  the  candidate  and  vice  versa.  Ratings  are  used  In  conjunction 
with  the  following: 

, Overall  effectiveness 

, M/Es 

. Factors 

. Subfactors 

. Elementary  factors/subfactors 
Subfactors 

The  set  of  criteria  which  are  Implied  by  a factor  or  another  higher 
level  subfactor.  Subfactors  are  characterized  (for  any  given  candidate 
system/vossol  combination)  numerically  by  two  quantities,  namely  a 
rating  (which  measures  how  well  the  candidate  satisfies  the  criterion)  and 
a weight  (which  indicates  how  important  this  subfactor  is  in  relation  to 
the  other  subfactors  at  the  same  level  of  subordination  under  the  corresponding 
factor/subfactor) . 

Weight 

A quantity  which  indicates  the  importance  of  each  criterion  in  relation 
to  the  others,  at  the  same  level  of  subordination  in  the  hierarchical  structure 
of  the  effectiveness  model,  A weight  is  given  as  a percentage  in  the  range 
of  0 to  100%,  using  the  convention  that  the  higher  the  weight  the  more 
important  the  criterion  (in  relation  to  the  others  at  the  same  level)  and 
vice  versa.  Weights  are  assigned  such  that  their  sum  is  equal  to  100  for 
all  criteria  at  the  same  (and  every)  level  of  subordination.  Weights  are 
used  in  conjunction  with  the  following: 

. MAs 

, Factors 

. Subfactors 

. Elementary  factors/subfactors 


22 


RESULTS  OF  APPLYING  THE  EFFECTIVENESS 
ASSESSMENT  METHODOLOGY  TO  THE 
CANDIDATE  SYSTEM/VESSEL  COMBINATIONS 


This  section  of  the  report  contains  the  results  of  applying  the 
effectiveness  assessment  methodology  to  the  viable  candidate  system 
vessel  combinations  Included  In  this  study.  The  candidate  systems 
are  intended  for  managing  both  the  black  (output  of  commodes,  urinals 
and  garbage  grinder)  and  the  gray  (galley  and  turbid,  i.e.,  output  of 
sinks,  showers,  laundry,  deck  drains,  etc.)  wastewaters  aboard  the 
candidate  vessels.  The  candidate  systems  consist  of  the  18  wastewater 
management  system  (WMS)  concepts  in  configurations  suitable  for  the 
vessels  included  in  this  study  (see  Volume  IV) . Of  these  potential 
candidate  system/vessel  combinations  only  those  considered  to  be 
viable  candidates  on  the  basis  of  the  installation  analysis  (see  Volume  III) 
were  included  in  the  offectivness  analysis. 

The  results  of  this  analysis  include  the  following: 

. The  structure  of  the  effectiveness  model  which  consists  of 

the  measures  of  effectiveness  (M/Es)  and  the  factor/subfactors 
of  each  M/E  together  with  their  associated  levels  of  subordina- 
tion. 

. Weights  for  the  M/Es  and  for  the  factors/subfactors  of  each 
M/E  at  every  level  of  subordination. 

, Elementary  factor/subfactor  ratings  for  every  viable  candidate 
systerr./vessel  combination.  These  ratings  include  the  following 
Information: 
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, . An  effectiveness  rating  function  (ERF)  for  each  elementary 
factor/subfactor  Identified  by  the  unique  numbering  system. 

Effectiveness  attribute  data  for  each  viable  candidate 
system/ vessel  combination  in  a format  specified  by  the 
the  ERF. 

. . Elementary  faptor/subfactor  ratings  for  each  viable 
candidate  system/vessel  combination. 

Overall  effectiveness  ratings  as  well  as  ratings  with  respect 
to  each  M/E  for  all  viable  candidate  system/vessel  combina- 
tions. 


The  results  of  the  effectiveness  analysis  are  given  in  the  order 
indicated  above  except  for  the  last  Item.  These  ratings  appear  both  in 
the  "Summary  of  Candidate  System/Vessel  Effectiveness  Assessments" 
in  the  front  of  this  report  as  well  as  in  the  discussion  of  the  computer 
program  for  quantifying  effectiveness  as  the  "Output  Report"  portion  of 
the  sample  problem. 
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STRUCTURE  OF  THE  EFFECTIVENESS  MODEL 


MEASURES  OF  EFFECTIVENESS  (M/Es) 


I  - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION 
(Suitability  for  vessel,  ease  of  installing, 
effects  on  vessel) 


II  - PERFORMANCE 

(How  well  system  accomplishes  intended 
functions) 

III  - OPERABILITY 

(Ease  of  operation,  burden  on  crew, 
operational  expendables) 


IV  - PERSONNEL  SAFETY 

(Likelihood,  severity  and  ease  of  correcting 
hazards) 

V - HABITABILITY 

(Noise,  odor,  heat,  user  comfort,  aesthetics) 


VI  - RELIABILITY 

(Potential  for  failure  free  operation) 


VII  - MAINTAINABILITY 

(Ease  of  correcting  failures,  manpower 
and  logistic  requirements) 


Ident. 

1 • 

11 

111 

112 

12 

13 

2 

21 

22 

23 

231 

232 


233 

234 

235 
24 

241 

242 


Factors/Subfactors 

of 

I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION 
WMS  suitability  for  vessel 

• Required  capacity  for  vessel  vs,  actual  capacity  of  system(s)  , 

in  Black 

• ••Gray 

##  Materials  disallowed  or  not  recommended  (as  specified  in  sub-chapter 
J&F  of  the  Merchant  Marine  Code  and  CG  MSD  regulations) 

• • Extent  of  additional  support  systems/equipment  required  to  accommodate  WMS 
(Compressor,  fire  fighting  equipment,  bilge  alarm,  ozone  detector,  vent3,  etc.) 
Ease  of  WMS  installation 

Extent  of  fixture  modifications  (1 , e . , existing  commodes/urlnals/fixtures  vs . 
special  commodes/urinals/fixtures,  including  hook-up  requirements) 

##  Extent  of  flush  medium  supply  modifications  (existing  oea  water  or  fresh  water, 
conversion  to  fresh  or  sea  water,  conversion  to  non-aqueous  medium) 

«•  Ease  of  installing  wastev.oter  Collection/Transport  subsystem 
(Note  VCT  for  JERED  and  M/T  pumps  for  GATX) 

• ••  Hook-up  requirements  (e.g.,  drain  piping,  electric  cables  connecting 

commode,  pump  and  control  panel  in  GATX,  but  not  in  JERED) 

• ••  Routing  flexibility  for  drain  piping  modifications 

(e.g.,  continuous  slope  and  vent  requirements  for  conventional  full 
flush  drains  vs.  JERED  and  GATX  drains) 

• ••  Space  requirements 

• ••  Modularity  of  systems 

(i.e.,  single  package  unit  vs,  decentralization  of  components) 

• ••Vent  requirements 

##  Ease  of  Installing  waste  Treatment/Disposal  subsystem 
#99  Space  requirements 

Hook-up  requirements  (piping  for  fuel  oil,  fresh  water,  cooling  water, 
compressed  air,  interconnecting  remotely  located  equipment,  overboard 
discharge  line,  etc.;  electric  cables  for  power  supply,  remote  control 
panels,  etc.;  ducting  for  ventilation,  etc.) 
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♦ ♦♦Modularity  of  system  (single  package  unit  vs.  decentralization  of 
components;  note  that  decentralization  of  components  may  require 
additional  hook-ups  and  piping  runs). 

244  ##a  Vent  requirements  * 

245  #aa  Exhaust  stack  requirements 

25  m Ease  of  installing  WMS  support  equipment  (e.g., compressor,  fire  fighting, 

bilge  alarm,  ozone  detector,  vents) 

26  ••  Ease  of  compensating  for  added  weight  of  WMS 

27  00  Degree  of  vessel  alterations  required  for  WMS  installation 

271  000  SHIPALTS  - permanent  modifications  (e.g.,  foundations,  enlarged  doors/ 

hatches.  Increased  capacity  requirements  for  air  compressor) 

272  000  Temporary  modifications  (e.g.,  cutting  access  openings) 

3 0 Effects  of  WMS  on  vessel 

31  00  Stability 

32  00  Trim  and  list 

33  aa  Normal  range 

34  a#  Degree  of  space  trade-off/reallocatlon  required 

35  00  Vessel  resource  consumption 

351  aaa  Electric  power 

352  •••  Fuel  oil 

353  000  Potable  water 

354  aaa  Compressed  air 

355  «♦«  Cooling  water 
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Factors/Sub  factors 
of 

II  - PERFORMANCE 
Ident.  , 

1 . WMS  figures  of  merit 

11  ..  Per  capita  energy  consumption  (electric  power;  power  for  ventilation, 

compressed  air,  pumping  flush  medium  and  cooling  water;  fuel; 
fuel  for  fresh  water  generated  aboard  vessel). 

12  ..  per  capita  system  weight  (wet) 

13  ••  Per  capita  system  volume 

2 • Adequacy  of  WMS  holding  times 

21  ..  Black 

22  Gray 

3 . Ability  cf  WMS  to  handle, and  effects  on  performs  nee,  of  abnormal  hydraulic  loads 

31  ..  Effect  of  peak  loads 

311  000  Black 

312  •••Gray 

32  ..  Effect  of  low  flow  conditions  and/or  long  Idle  Items 

321  . ..  Black 

322  Hi  Gr&y 

33  ••  Ability  to  handle  additional  personnel 

331  ...  Black 

332  ...Gray 

4 . WMS  designed  to  operate  for  sustained  time  periods  (e.g.,  CHT  has  limited 

holding  capacity  vs.  JERED,  with  Incinerator,  has  Indefinite  capacity) 

41  ..  Black 

42  ..  Gray 

5 ( Ability  of  WMS  to  handle  ground  garbage  and  extraneous  materials  In 

black  water  stream 

51  ..  Ground  garbage 

52  ..  Foreign  materials/objects 

53  ..  Detergents/surfactants 

54  ..  Toxic  materials  (as  it  affects  performance  of  biological  system) 

6 , Ability  of  WMS  secondary  emissions  to  meet  applicable  standards 

61  ..  Discharge  of  significant  air  pollutants 

62  00  Disposal  of  oil  contaminated  residues  at  sea 

7 # Performance  risk  for  WMS  configuration  (i.e.,  hybrid  systems,  experience) 

71  ..  Black  20 

72  ..  Gray 
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Factors/Subfactors 

of 

III  - OPERABTLITY 


Ease  of  WMS  operation 

#4  Automatic/semi-automatlc/manual  operation 
Disposal  of  residue (s) 

«•  Mode  changeovers 

(primar/  to  overboard  discharge  cycle/pierside  to  primary  cycle) 

4«  Likelihood  of  violating  effluent  standards  because  of  procedural  errors 
(discharge  of  effluent  which  doesn't  meet  emission  standards,  flush  oil, 
evaporatcr  residue,  wastewater  or  sludge  from  holding  tank,  stack  emis- 
sions from  incinerator  which  do  not  meet  standards,  etc.) 

Burden  of  WMS  on  crew's  operating  personnel 
«•  Frequency  of  operator  involvement 
Man-hour  requirements 
««  Skill  level  requirements 
*•  Training  requirements 
«•  Effect  on  work  routines/schedules 
• « Additional  personnel  (billets)  required 


Operational  supplies  and  support  equipment  operating  requirements  for  WMS 
• i Amount  of  consumables/expendables 
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Factors/Subfactors 
i of 

IV'  - PERSONNEL  SAFETY 

Ide  nt . ' ■' 

1 * Contact  with/spillage  of  toxic/dangerous  substance  associated  with  WMS 

11  Inherent  design  feature  ■- 

12  *«  Procedural  errors/equipment  failures  (note  repair  induced  hazards) 

2 # Explosive  potential  for  operator/maintalner  of  WMS 

(e.g.,  pressurized  vessels,  vapors) 

21  »*  Inherent  design  feature 

22  Procedural  errors/equipment  failures 

3 0 Fire  ignition  potential  of  WMS 

i 

31  #f  Inherent  design  feature  , 

32  Procedural  ecrors/equipment  failures 

4 • Electric  shock  potential  to  operator/maintainer  of  WMS 
i>  « Physical  hazards  associated  with  WMS 

51  Sharp  edges 

52  Hot  surfaces 

53  Rotating  machinery  for  maintalner 
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Factor  s/Subfactors 


V - HABITABILITY 


Idont. 


Bacterial  contamination,  associated  v/lth  WMS  (user  psychological  reaction) 
00  Inherent  design  feature  ’"■  ' ' f 


Procedural  oirorh/equlpmsnt  failures 


Fixture  efficacy  of  WMS 


00  Comfort 


Flushing  procedure  requirements 


Waste  retention  in  howl 


M Likelihood  of  user  contact  with  flushing  medium 
00  Flushing  medium  appearance 


Flushing  noise 


Odors  produced  by  WMS 
00  Inherent  doslgn  feature 


«»  Procedural  errors/equlpment  failures 

WMS  hear,  generation  for  oporator/maiptalnor/adJacGnt  berthing  and  Working  arous 


Inherent  dosiyn  feature 


• • Procedural  errors/oqulpmnnt  failures 

Noise  levels  In  vicinity  of  WMS  for  opera tor/ma  1 uta l ner/ud Ja co nt  berthing 


and  working  areas 


Vibration  producod  by  WMS  for  operator/malntalnor/ndjaccnt  berthing  at.d 
working  areas 

Effect  of  WMS  on  user  housekeeping  routines 
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Factors/Subfactors 

of 

VI  - R2  LIABILITY 


% 

-i 

i 


i ’ ^ 

! ; ^ 
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■ > -vli 


Ident . 

1 . 


2 

21 

22 

23 

24 

25 

26 


Failure  frequency  Index  for  WMS  ,..•  ' 

Reliability  index  for  WMS  (system  design/conflguratlon) 

«•  System  complexity  <:  , - , 

M Extent  of  configuration  redundancy 

(e,g.,  additional  head  spaces/fixtures  throughout  vessel) 

M Extent  of  equipment/component  redundancy 
M Degree  of  equipment  failure  independence  , 

(i . e . , failure  of  one  item  will  not  cause  another  item  to  fail) 
a.  Adequacy  of  equipment  ratings  ■< ' ' 

00  Provisions  for  fault  actuated  c ut-off  mechanisms  to  protect  system 
(i.e.,  provision  for  fail  safe  operation) 

Reliability  risk  for  WMS 

(e.g.,  hybrid  configuration.  Innovative  design,  exjxjrlence) 
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Factors/Subfactors 

of 

VII  - MAINTAINABILITY 


Ident. 

1 0 Corrective  Maintenance  (CM)  requirements  for  WMS 

11  00  Frequency  of  CM  actions  (failure  frequency) 

12  00  Man-hour  and  skill  level  requirements 

13  #9  Ease  of  re  pair/re  place 

131  000  Accessibility  of  replaceable  components 

132  000  Extent  of  system  modularization 

133  499  Degree  of  repairebillty  on  board  vessel  (repair  vs.  replaco) 

134  *«•  Availability  of  manufacturer  field  support  and  training  programs 

14  00  Spares  stockage  requirements 

14  i Extent  of  spares  stockage  requirements 

142  000  Spocial/prcprtetary  items  vs.  standard  supply  parts 

2 0 P.uventivc  Maintenance  (PM)  requirements  for  WMS 

21  00  Pi  uquency  oi  PM  actions 

22  00  Man-hour  requirements 

23  ••  Effect  on  waichstande;  routines 

3 0 Overhaul  Mo  into  nan  e requirements  for  WMS 

31  Frequency  oi  overhauls 

32  00  Man-hour  and  skill  level  requirements 

33  00  Special  docking  requirements 

4 0 Logistic  requirements  for  V/ MS 
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MEASURE  OF  EFFECTIVENESS  (M/TE) 

WEIGHT  (%) 

I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION 
(Suitability  for  vessel,  ease  of  installing, 
effects  on  vessel) 

8 

II  - PERFORMANCE 

(How  well  system  accomplishes  intended 
functions) 

15 

III  - OPERABILITY 

(Ease  of  operation,  burden  on  crew, 
operational  expendables) 

12 

IV  - PERSONNEL  SAFETY 

(Likelihood,  severity  and  ease  of  correcting 
hazards) 

11 

V - HABITABILITY 

(Noiso,  odor,  heat,  user  comfort,  aesthetics) 

17 

VI  - RELIABILITY 

(Potential  f<  'allure  free  operation) 

23 

VII  - MAINTAINABILITY 

(Ease  of  correcting  failures,  manpower 
and  logistic  requirements) 

14 

34 
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II  - PERFORMANCE 
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VII  - MAINTAINABILITY 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS, 
M/E  I - ADAPABILITY  FOR  SHIP30ARD  INSTALLATION 


HI  I Required  black  wafer  handling  capacity  for  vessel  vs.  actual  capacity  of  WMS 


Ettcctivcncss  Rating  Function 

Hj  tins  /J) 


(a)  Actual  capacity  of  WMS  equiui  ot  eaceeila  «cjult«i  capacity 
fc*  veuel. 
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(b)  WMS  rnaiglnatly  mirable  for  vend  (has  95  - no-’/,,  of  required 
capacity). 

<c)  WMS  capacity  insufficient  for  veuel  (leu  ilun  9S?i  of  required 
cipaciiy). 


Attribute 


SuuKt  ii  l P>n 
mmTTwms  WMS 
Anil.  rniuli.  Con 
A U4 1 - Ami. 


octlveness  Attribute  Data  an 


WMS  GAUATIN  VIGOROUS  FIRE  BUSH  PAMLICO  WHITE  SAGE  POINT  HERRON 
4 0781)  U10*)  (180*)  (ISO1)  (133’)  (82*) 


Aniline  Dau- 


N/A  • Not  a viable  ryitcirfvHtel  combination 


Attribute  Dau- 


N/A  - Not  a viable  tyitem/vonel  combination 


m 


. L ^ Jt.,.. 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  rACTORS/SUBFACTORS 
M/E  I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


WMS  mat  trials  disallowed  or  not  recommended* 


KtJectivencss  Rating  Function 


-*>«*&  to 


* 


V/T  " A*  (Mack  watci)  C/T  subsystem 

K»  ■jj"  Rating  for  black  witei  T/D  subsystem 
....  rtG,^^-  Rating  for  gray  water  T/D  subsystem 


Data  given  In  the  forms 

Z . , 7.B  . , ZG_  .~\  Attribute 

I C/T  1 T/D  a T/D> 

I , 

"c/T  1"/D'  RS/d)  ^ 


(a)  No  disallowed  or  not  recommended  matertab  present  in  WMS  subsystem. 

(b)  Some  dilillowoo  or  not  lecommeiided  matertab  present,  in  WMS  subsystem, 

but  resultant  problems  can  be  solved  or  compensated  for, 

(c)  Presence  of  disallowed  or  not  recommended  matertab  In  WMS  subsystem 

presents  problems  with  no  feasible  solution:.  


Attribute 


„ * Ai  specified  In  sebehapten  J&f'  of  Merchant  Marine  Code  end 
C.G.  MSD  ReguLidons. 

**  fot  purposes  of  this  study,  C.G.  dltecu  choice  (a)  fot  every  WNt>, 


Sojicc  of  Dai » 

USD  WI.1S  IVN'S  i 

Anal.  InjuM.  Cost 

An.il.  An*1 


ectlveness  Attribute  Data  and  Ratings  for  Viable  SystQm/Vessel "Combinations 


GALLATIN  VIGOROUS  FIREBUSH  PAMLICO  (WHITE  SAGE  |K)INT  HERRON 
(378')  (210*)  (180’)  (160‘)  I (133')  (82') 


■TTF” 


-^**wfBS5sc:33P»irrr 


7 ***-•  •V’vrrap^MM^-i^HP'ffw^  »»•• 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 

13  Extent  of  additional  support  systems  pr  equipment  required  to  accommodate  WMS 


Ettectiveness  Rating  Function 

Rating  0o) 


A*,  tribute 


(a)  No  additional  support  systems  or  equipment*  required. 

(b)  Some  additional  tupport  systems  ct  equipment!  required.  * 

(c)  Many  additional  support  tyrtemi  or  equipmena  required,  ** 

Examples 

. Firefighting  ryitem  mutt  be  inttalled  with  incinerator. 

. Bilge  alarm  requited  IS  luge  tank  It  Inttalled  above  bilge. 

. Compteoot  required  on  vessels  that  do  not  already  have  one. 

. Detectcn  of  toxic  ot  noxious  gases  should  be  inttalled  with  any  system 
that,  as  an  inherent  design  feature,  uses  such  gases  in  processing  wastes, 

* Need  for  tupport  syicem/equlpment  does  not  significantly 
reduce  WMS  suitability  fot  on-boaid  installation. 

**  Suitability  on  WMS  for  installation  on  vessel  is  — nVl 1 

tignificamly  reduced,  mso  wms  | wm." 

AfUl.  luull.  Csrlf 
An*l.  A«>1. 


fecUvenes s Attribute  Data  and  Ratings  for  Viable  Syst$m/Vessel  Combinations 


WMS  | GALLATIN 
# J (378‘) 


VIGOROUS 


/‘i 

, 

O 

75 

b 

75 

N 

75 

N 

A 

N 

A 

N 

75 

N 

it 

M 

*■* 

75 

b 

75 

t 

75 

b N 

A 

N 

A 

N 

7? 

b 

75 

b 

75 

b 

A 

N 

A 

N 

FIRE  BUSH 
(1  BO  *) 


PAMLICO  [WHITE  SAGE  [POINT  HERRON} 
(160')  I (133’)  I (82*) 


(160') 
b 

y 

b 


(133') 

_b 

b 


Attribute  Dau- 


N/A  - Not  a viable  lystem/vettel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 

21  I Extent  of  fixture  modifications  required  forWMS  installation 

Etiectlveness  Rating  Function 

Rating  0v) 

t j (»)  No  fixture!  need  modification  at  replacement, 

100  — i (b)  Some  fixture*  need  modification  or  replacement . 

(c)  All  commode*  need  replacement  and  modification  of  urinaKuxoclated 
equipment  (e.g. , urinal  discharge  valvet)  u required. 

60 (d)  All  fixture*  need  replacement  or  modification  (e.g.,  replacement  of 

commodes  and  tiffp.sl  flushometen; . 

c (e)  All  fixtures  need  replacement  ot  modification  and  each  fixture  has 

1 additional  hookup  requirements  anociated  with  it. 


201 - 


Attribute 


joiner  r»f  tMi.» 

USD  | WW  1 WMS 
Aral.  VuiftlU  C6»l 
Anal.  I Anal. 


fectlvaness  Attribute  Data 


JWMSj  GALLATIN 
I * j (378*) 


1 

a 

too! 

2 

a 

,00 

3 

a 

1 00 

4 

a 

100 

S 

N 

A 

6 

h 

A 

7 

a 

100 

8 

N 

A 

9 

c 

10 

10 

c 

40 

11 

c 

40 

12 

N 

A 

13 

N 

A 

14 

e 

c 

IS 

e 

0 

16 

e 

0 

17 

N 

A 

18 

N 

A 

VIGOROUS 

(210*) 

q loo 

a 100 

N A 


40 

N A 


FIRE  BUSH 
(190') 


•Viable  Systam/Vessel  Combinations 

“PAMLICO  I WHITE  SAGE  |POINT  HERRON 


(160*) 

d 1 


(133') 


N A 


Attribute  Pata- 


N/A  - Not  a viable  tystem/vessel  combination 


”3 

I 

• ' i 

EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E T - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 

22  | Extent  of  flush  medulm  supply  modifications  required  for  WMF  installation 

Effectiveness  Rating  Function 
luting  (W 

4 

(•)  Existing  Rush  medium  U uied, 

(b)  WMS  require*  conversion  of  fluth  medium  to  potable  water. 

(c)  WMS  requires  conversion  of  fluth  medium  to  recirculating  non-aqueous 
medium. 

(d)  WMS  requires  conversion  of  flush  medium  to  salt  wet er.  * 


* Conveaion  to  ult  w*ter  requires  pump  re-jlzing.  tapping  into  the  sea-chest 
and  provision  for  its  corrosive  properties,  for  the  PAMUCO.  ult  water 
would  be  used  if  die  drain  system  were  converted  to  a standard  flush 
system  (C,G,  supplied  information). 


Effectiveness  Attribute  Data  and  Ratings  Tor  VlableSyst^m/Vessel  Combinations' 


WMS 

* 

GALLATIN 

(378’) 

VIGOROUS 

(210’) 

FIRE  BUSH 
(1801) 

mmmaU 

WHITE  SAGE 
(133’) 

POINT  HERRON 
(82’) 

D 

a 

IRS 

a 

100 



a 

IBS 

6 

0 

a 

wo 

a 

100 

2 

c 

30 

C 

30 

c 

SB 

c 

30 

c 

IB 

N 

A 

3 

c 

30 

N 

A 

c 

30 

c 

30 

c 

30 

N 

A 

w 

a 

100 

N 

A 

a 

100 

d 

0 

a 

100 

N 

5 

$ 

N 

A 

N 

A 

a 

H 

d 

0 

a 

too 

N 

a 

6 

N 

A 

N 

a 

d 

ioo 

d 

0 

a 

too 

N 

5 

n 

Q 

100 

N 

9 

a 

100 

d 

0 

a 

100 

N 

B 

8 

N 

A 

N 

B 

a 

too 

d 

0 

a 

too 

N 

A 

9 

b 

40 

b 

40 

b 

ra 

a 

100 

b 

40 

b 

40 

10 

b 

m 

b 

40 

b 

40 

Q 

100 

b 

40 

N 

A 

11 

b 

40 

N 

A 

b 

40 

Q 

IPO 

b 

40 

b 

40 

12 

N 

D 

N 

A 

b 

40 

a 

100 

b 

40 

N 

SI 

13 

N 

A 

N 

A 

b 

40 

a 

100 

— 

40 

N 

D 

14 

b 

40 

b 

40 

b 

40 

a 

m 

10 

SB 

40 

b 

ioi 

15 

b 

ns 

mm 

IB 

b 

KB 

a 

■B 

40 

N 

n 

16 

b 

40 

ifi 

40 

b 

4o 

a 

IPO 



b 

40 

b 

4o 

17 

N 

A 

N 

A 

b 

40 

a 

100 

b 

40 

N 

P 

18  | N 

A 

N 

A 

b 

40 

a 

100 

b 

40 

N 

Attribute  X)ava  J w—  Rating  H/A  - Not  a viable  tyitem/vciMl  combination  $q 


Sm  ♦ of  Pa1  *• 


Aral. 

"w.i 

(null!, 

A<vJ. 

WMS 

Co*t 

An«i 

v' 

__  

iw 


■40 

30 


Attribute 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


23  1 Hookup  requtrements*for  WMS  Collectlon/Transport  subsystem  Installation 


EttectiveneSS  Fating  Function  (a)  No  additional  hookup  requirement*  beyond  witting  one*. 

g CW  (t)  Requires  piping  for  recirculation  of  flush  medium  (In  existing 

1 gravity  drain  lyitem). 

100  -■  “ special  and  centralized  Collectton/Traaport  subsystem  required. 

90  - ^ (d)  special  and  non-centrallzed  Collec don /Tramport  aubayitem  required 

(Includes  conversion  from  reduced  flush  vacuum  collection  to  a 
standard  gravity  drain  system,  with  or  without  recirculation). 

NOTE;  If  the  WMS  is  an  MSD  being  Installed  on  a vessel  With  a standard 
drain  system  and  no  existing  WMS,  the  following  ratings  would 
apply  to  the  basic  MS.Ts  considered  in  this  study, 

40 — -1 

100  - CHT,  Grumman 
90  - Chrysler 

40  - JERED  

0 d _ 0 - GATX  Spyct.oLDsi. 


Attribute  E.g.,  drain  piping;  electric  cables  connecdng  ami.  tmuii,  con 

commode,  M/T  pump  and  control  panel  in  GATX,  — 'J-- 

but  not  In  JERED.  _____  ' 


Source  of  Pan 
r MSD  WMS  W\.S 
I AmI,  IsuuU,  Con 
| Anal.  Ar.al. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


GALLATIN  VIGOROUS  FIREBUSH  I PAMLICO  [WHITE  SAGE  POINT  HERRON 
(378')  (210')  (180')  (160')  I (133*)  (821) 


c 

JO 

d 

0 

Attribute  Data- 


N/A  - Not  a viable  system/ vessel  combination 


r 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFrtCTORS 

M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 

Routing  flexibility  for  drain  piping  modifications*  associated  with  WMS 
Collectton/Transport  subsystem  installation** 


Etiectiveness  Rating  Function 

(UtiBg 


80 1 


Attribute 


(a)  Routing  U highly  flexible . 

(b)  Routing  is  moderately  flexible,  with  tome  restrictions. 

(c)  Routing  is  highly  inflexible . 

NOTESt  1.  With  gravity  drainage,  Unas  must  always  slope  downward  and 
require  venting. 

2.  Smaller  size  Hoes  are  Inherently  more  flexible- 

3.  With  the  pump  ot  vacuum  Collectlon/Transport  subsystem, shatp 

bends,  rises  and  long  tuns  can  b«  accommodated  in  piping. 

* Of  the  three  relevent  categories  of  routing  of  lines  (piping,  ventilation, 
electrical),  piping  Is  the  most  Important  for  assessing  use  of  WMS 
Installation.  . 

**  In  all  eases,  WMS  installation  Is  to  be  considered  from  \mx‘~ 

the  point  of  view  of  modifications  required  to  existing  Ansi.  imi»n.  c«« 
conditions.  ami.  An»>. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  SystqmAessel  Combinations 


WMSH  GALLATIN 
# (378‘) 


VIGOROUS  FIRE  BUSH 

(210*)  (180*) 


N 

N 

b 

N 

N 

PAMLICO  I WHITE  SAGE  IPOTNT  HERRON 


<160‘) 


(133*) 


===== 
a 1 100 


Attribute  Data— 


N/A  - Not  a viable  system/ vessel  combination 


b 80 

N A 

N A 

b 80 

N A 

b _80_ 

N A 

N A 

■■ 

52 


'•vtA-Mit 


-gahr. 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


Space  requirements  for  WMS  Coliectlon/Transport  subsystem  Installation 


EttecNveness  Rating  Function 

Rating  (ft) 


(*)  No  additional  space  required  . 

(b)  Some  additional  space  required.* 

(C)  Large  amount  of  additional  space  required.** 

* E.g. , M/T  pump*  in  GATX;  or  small  influent  surge  tank. 

**  E.g..  large  VCT  in  JERED;  or  large  influent  surge  tank.  If  not 
already  Installed . f~~sgg7q 


! Source  of  Djti*  1 

MSP 

WMS 

WMS 

Anal. 

1.  Mia  11. 

cou 

Anal. 

A fill. 

V 

r ✓ 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


GALLATIN 

VIGOROUS 

FIRE  BUSH 

PAMLICO 

WHITE  SAGE 

POINT  HERRON 

(378’) 

(210*) 

(180*) 

(160') 

■ 11  ■■  ■ 

(133') 

(82') 

Attribute  Data 


N/A  ■ Not  a viable  system/vessel  combination 


™SSjBg ' 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


Modularity  cf  WMS  Collectlon/Transport  subsystem  (as  It  affects  installation! 


Eltectlveness  Rating  Function 

K*dngCW 


Attribute 


(a)  Degree  of  modularity  of  subsystem  aids  in  ini  tails  tlon  of  C/T  subsystem. 

(b)  Degree  of  modularity  of  subsystem  results  In  some  (minimal)  difficulty 
In  Installation  of  C/T  subsystem, 

(c)  Degree  of  modularity  of  subsystem  results  In  moderate  difficulty  in 
Installation  of  C/T  subsystem. 

NOTE;  On  vessels  that  do  not  currently  have  a WMS,  a high  degree  of 
modularity  aids  in  installation,  and  a high  degree  of  subsystem 
centralization  (as  In  the  JERED)  results  in  difficulties  for 
Installation, 

Source  of  Data 

MSD  T WM*  WMS 
A 3*1.  lntrall.  Con 
Ami.  Anal, 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systgm/Vessel  Combinations 


GALLATIN  VIGOROUS  FIREBUSH  PAMLICO  [WHITE  SAGE  POINT  HERRON 
(378*)  (710')  ! (180')  (160’)  | (133')  (82*) 


Attribute  Cats 


N/A  - Not  a viable  system/ vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
Wf  I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


Vent  requirements  for  W MS  Collectlon/TranSDort  subsystem  Installation 


Ettectiveness  Rating  Function 

Rating  (*) 


sot 


(a)  No  vena  an  required  ocher  chan  the  existing  vena. 

(b)  Few  vena  are  required  In  addition  to  the  existing  vents. 

(c)  Many  veoct  are  required  In  addition  to  the  existing  vents. 


Attribute 


Spur-q  of _Pm 
MSD  I WMS  1 WMS 
Aral.  IpMtH. 

Anal.  Anal. 


ectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMSI  GALLATIN  I VIGOROUS  I FIRE  BUSH 


PAMLICO  (WHITE  SAGE  IPOINT  HERRON 


(378*) 


(210‘) 


(160*) 


<133*) 


(82') 


6.  100 


N 


N 


N A 


N 


N 


N 


N 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


241  | Space  requirements  for  WMS  waste  Treatment/Dtsposal  subsystem  Installation 


Rating  (%) 


Etlectiveaeas  Rating  Function 


(*)  Volume  required  U minimal  and  dimensions  of  equipment  present  no  problems  in 
fitting  equipment  Into  available  compartment  space. 

(b)  Volume  required  Is  moderate  and  dimensions  of  equipment  present  no  problems 
in  fitting  equipment  into  available  compartment  space. 

(c)  Volume  required  lx  moderate  and  dimensions  equipment  do  present  a problem 
in  fitting  equipment  Into  available  compartment  space. 

(d)  Large  volume  required  and  dimensions*  of  equipment  do  present  a problem  in 
fitting  equipment  into  available  compartment  space. 

* Tbs  two  main  factors  ate  (i)  deck  area  required  and  (it)  height  required. 

NOTE:  Volumes  are  calculated  ss  follows; 

(1)  fixture  volumes  are  calculated  using  smallest  space  envelopes, 

(2)  pipe  volume  Is  the  volume  of  a square  tube  with  side  = outside  diameter 

of  pipe . 

(3)  Other  equipment:  deck  area:  smallest  rectangle  en-  f " source  r77L~I 1 


i Attribute  dimension  area  required  for  operation  and  main-  Alla1'  tnuaU.  Cos: 

tenance.  Height- either  maximum  height  of  equip- Anal-  an*1.  ■ 

men,  or  full  compartment  height,  if  space  above  is  I w I 

..  not  usable  for  any  other  purposes. 


Source  clib 
MSD  WMS 

Anal.  install. 
Anal. 

’a  1 

K'M.i 

Cos:  } 

Au.t'. 

L 

* 

1 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 
WMS  GALLATIN  J VIGOROUS  |_FIREBUSH  PAMLICO  WHITE  SAGE  jkOINT  HERRON 
# (378')  (210‘)  (180')  (160*)  (133’)  (82*) 


20 


80 


30 


N A 


Attribute  Data- 


N/A  - Not  a viable  •yttem/veatel  combination 


S^ssSssm^. 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAF ABILITY  FOR  SHIPBOARD  INSTALLATION 


242  j Hookup  requirements*for  WMS  waste  Treatment/Dlsposal  subsystem  installation 


Effectiveness  Rating  Function 

Rating  oft) 


(a)  Pipes,  ducts  and/or  cable -requirements  are  minimal. 

(b)  Pipes,  ducts  and/or  cable  requirements  are  moderate. 

(c)  Pipes,  ducts  and/or  cable  requirements  are  extensive. 

* Piping  for  fuel  oil,  fresh  water,  cooling  water,  compressed  air, 
interconnecting  remotely  located  equipment,  overboard  discharge 
line,  etc.;  electric  cables  fot  power  supply,  remote  control  panels, 
etc. ; ducting  fot  ventilation,  etc.  

Source  <»i  pan 
M5D  | WMS  VMS 
AftaJ,  Co<t 

' Afutl.  An*'. 


Attribute 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


GALLATIN  VIGOROUS  FIREBUSH  PAMLICO  WHITE  SAGE  POINT  HERRON 
<378’)  (210')  (1 80  ’)  (160’)  (133*)  (82*) 


__  JO 

JO 

N A 
N A 

?Q 

H A 
50 


10  b 

JO 

11  C 

0 

12 

N A 

UL 

N A 

14  I b 

JO 

IS  * L 

50 

j 16  ! c 

0 

17 

N A 

18 

N A 

5£j 

50  I 

N A 


Attribute  Dau~ 


N/A  - Net  a viable  system/vestel  combination 


50 

N_ 

A 

b 

50 

N 

A 

N 

A 

5 7 

= **S»*»*  *?***  « - sQfa^v  - 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I . ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


243  I Degree  of  modularity  of  WMS  waste  Treatment/Disposal  (as  It  affects  Installation! 


Ettectlveness  Rating  Function 

Rating  C5>) 


(a)  Degree  of  modularity  of  subsystem  aids  in  installation  of  T/D 
subsystem. 

(b)  Degree  of  modularity  of  subsystem  results  in  some  (minimal) 
difficulty  in  installation  of  T/D  subsystem. 

<c)  Degree  of  modularity  of  subaystem  results  in  moderate  dfiiculty 
in  Installation  of  T/D  subsystem. 

NOTE;  Decentralization  of  compartments  may  require  additional 
hookups  and  piping  runs. 


Source  of  Pita 
m^d  I'  wks  r WMS 
Anil.  fault.  Con 
Anal.  1 Anil. 


y. J j ‘ J y-t.  . * . . 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I . ADAFABIT.ITY  FOR  SHIPBOARD  INSTALLATION 


244  J Vent  requirements  for  WMS  waste  Treitment/Disposal  subsystem  installation 


EitecUveness  Rating  Function 

(Udcg  Cb)  ' ' ’ 


<a>  No  vena  are  retired. 

/ 

(bj  Vena  »te  required.  k 

NpTEi  Vena  tiut  Are  only  Internal  to  the  compartment 

i ‘ in  which  rubsyrtem  U located  are  not  considered  here. 


Attribute 


Sour,  n <’f  0..n  _ 1 

M sn  I v:  v.\  wms  | 
Hn»l.  j Inna  1 1,  Co»t  I 
] Ar.-l.  Ami  ! 


Effectiveness  A 

WMS 

# 

■pa 

■i 

VIGOROUS  I FIRE&73H 
{2107  I (180‘) 


PAMLICO  1 WHITE  SAGE 
(160‘)  I <133‘) 


ioo  1 a loo 


o 


HU  |B] 

hbmIi 


b 0 


N 


iiLiJL 


Attribute  Diu-J 


b 


N/A  - Not  a viable  iyotem/veuel  combination 


N 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/S UBrACTORS 
M/E  I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


Ease  of  Installing  WMS  support  equipment 


Ettcr.. . otics.'s  Rating  Function 


Rating  CV 

loot — — 


(a)  No  support  equlpn  exit  required. 

(b)  Some  support  equipment  required  but  easy  to  Install 

(e)  Much  support  equipment  required  and  difficult  to  install 
Examples; 

. Firefighting  system  must  be  installed  with  incinerator. 

, Bilge  alarm  required  if  large  tank  is  installed  above  bilge. 

. Compressor  required  on  vessels  that  do  not  already  have  one. 
. Detectors  of  toxic  or  noxious  gasses  should  be  installed  with 
any  system  that,  as  an  Inherent  design  feature,  uses  such 
gases  in  processing  wastes. 


I 5i*  iui  L‘  i>J  [ i j 

j 

M&D 

WM.1 

VMS 

Ami. 

Ultall, 

Crtjt 

Anal. 

Aral 

y 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systgrn/Vessel  Combinations 


WMS 

# 

GALLATIN 

(378’) 

VIGOROUS 

(210') 

FIRE  BUSH 
(180') 

PAMLICO 

(160‘) 

WHITE  SAGE 
(133*) 

POINT  HERRON 
(82*) 

1 

b 

70 

b 

70 

b 

70 

b 

/ V 

b 

70 

b 

70 

2 

b 

70 

b 

2SL 

b 

70 

b 

70 

b 

70 

N 

A 

3 

b 

70 

N 

A 

b 

70 

b 

70 

b 

70 

N 

A 

4 

b 

70 

N 

A 

b 

70 

b 

70 

b 

10 

N 

A 

5 

N 

A 

N 

A 

b 

70 

b 

70 

b ' 

70 

N 

A 

6 

N 

A 

N 

A 

b 

70 

b 

70 

b 

1 o 

N 

A 

7 

b 

70 

N 

A 

b 

70 

b 

70 

b 

70 

N 

A 

8 

N 

A 

N 

A 

b 

JO 

C? 

70 

b 

70 

N 

A 

9 

b 

21. 

b 

70 

b 

-0 

b 

70 

b 

70 

b 

70 

10 

b 

70 

b 

70 

b 

7C> 

b 

10 

b 

10 

N 

A 

11 

1 

D 

70 

h 

A 

b 

7p 

b 

10 

b 

70 

b 

70 

12 

N 

A 

N 

A 

b 

70 

l> 

70 

b 

70 

N 

A 

13 

N 

A 

N 

A 

b 

in 

b 

10 

b 

70 

N 

A 

14 

b 

70 

b 

70 

b 

70 

b 

70 

b 

70 

b 

70 

IS 

b 

7 0 

L 

70 

b 

70 

b 

70 

b 

70 

N 

A 

1 6 

b 

70 

7D 

b 

7Q 

b 

70 

b 

10 

h 

7o 

17 

h 

A 

N 

7 

b 

0 

b 

70 

b 

70 

N 

A 

18 

N 

A 

N 

A 

t 

D 

70 

b 

70 

b 

7C 

N 

Attribute  Data 


J 


('  1 


N/A  Not  t viable  system/ vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - APAPABILITY  FOR  SHIPBOARD  INSTALLATION  _ 


Exhaust  stack,  requirements  for  WMS  waste  Treatment/T.' i s posal  subsystem  Installatloi 


Ettectiveness  Rating  Function 

luting  0c) 

i , 

(a)  Exhaust  not  squired. 

100  — =— 

(b)  Exhaust  required,  size  of  stack  re.Uti”ely  small  and  stack  cat)  be  fun 
via  existing  ship's  stack  enclosure  (flodleyl. 

(c)  Exhaust  requited,  size  of  stack  relatively  targe  ond  stack  can  bo  run 
via  existing  ship’s  stack  enclosure. 


L± 


20  I 

10\ 


Attribute 


(d)  Exhaust  required,  size  of  stack  relatively  small  ami  stack  cannot  be 
run  via  existing  ship's  stack  enclosure. 

(e)  Exhaust  required,  size  of  stack  relatively  la,g  -ad  stack  cannot  be 
run  via  existing  ship's  suck  enclosure. 

MOTES:  1.  Electric  incinerator  tequirea  snail  (2")  exhaust. 

2,  Fuel  incinerator  requites  large  (10'')  exl  aust, ,T 

MSL.  ii.vjj’  i72j* 
an*..  Jjiiu.J  Ocr 
Anil  ! r- 


Effectiveness  Attribute  Data  and  Ratings  for  Viable 


WMSJ  GALLATIN  VIGOROUS  I FIREBUSH  I PAMLICO 

# | (378*)  (210')  | (180')  I (160*) 


WHITE  SAGE  IPOWT  HERRON 
(133')  | (L2‘) 


- 3 ^ 

llWi 

7H1 


100 

a 

0 

e 

ICO 

a 

( X 

100 

a 

100 

€ 

0 

N/A  - Not  a viable  syttem/vesael  combination 


■yfSrtr**-*** 


EFFECTIVENESS  RT  TINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


25  j Ease  of  installing  WMS  support  equipment 


v 


Rating  (1c 


Etle<’-..,<:ness  Rating  Function 


(a)  No  support  equipn  ent  requited. 

(b)  Some  support  equipment  required  but  easy  to  Install 

(c)  Much  support  equipment  requited  and  difficult  to  install 
Erutiplea: 

. Firefighting  system  must  be  installed  with  incinerator. 

, Bilge  alarm  required  if  large  tank  is  installed  above  bilge. 

. Compressor  required  on  vessels  that  do  not  already  have  ->ne. 
. Detectors  of  toxic  or  noxious  gasses  should  be  installed  with 
any  system  that,  as  an  Inherent  design  feature,  uses  such 
gases  in  processing  wastes. 


Attribute 


Souicc  of  Data 

msd  wms  wu.r 

Awl.  laiull.  Con 
______  Anil.  Amt, 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systqm/Vassel  Combinations 


WMSjl  GALLATIN  VIGOROUS  FIRE  BUS  H PAMLICO  (WHITE  SAGE  POINT  HERRON 

# II  (378  ) (210*)  (180*)  (160‘)  1 (133*)  (82*) 


IB 

70 

A 

b 

70 

A 

b 

70 

9 

b 

70 

a 

. b 

70 

IB 

b 

70 

inn 

70 

70 

b 

70 

N/A  - Not  a v.able  system/vcssel  coni!  < nation 


N | A 
Cl 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION 


26  1 Ease  of  compensating  for  added  weignt  of  WMS 


Effectiveness  Rating  Function 
Rating  07«) 


Attribute 


(a)  or  minimal  compensation  for  added  weight  required. 

(b)  Moderate  compensation  fot  added  weight  required. 

(c)  Extensive  compensation  far  added  weight  required. 


Source  of  Pita 
MSD  WHi  | VMS 
AnaL  tosullj  C on 
Anil.  I Ancl. 


Effectiveness  Attrlb  ite  Data  and  Ratings  for  Viable  Syst^tn/Vessel  Combinations 

WMS 

# 

GALLATIN 

(378*) 

VIGOROUS 

(210’) 

FIREBUSH 

(180‘) 

PAMLICO 

(160') 

WHITE  SAGE 
(133') 

POINT  HERRON 
(82') 

Attribute  D*u 


N/A  - Not  a viable  system/ vessel  combination 


■ ’ 1-tr  -»»- 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION 


271  jj  Extent  of  SHIPALTS  (permanent  modifications)  required  for  WMS  Installation 


Ettecttveness  Rating  Function 

Rating  (^,) 


100 

SO 


50 


(a)  No  SHIP  AITS  required. 

<b)  Minot  SHIPALTS  required. 

(c)  Extant  of  SHIPALTS  required  i*  moderate. 

(d)  Extend ve  SHIPALTS  required. 


"Attribute 


*E.  g. . foundation*,  enlarged  dooo/hatche*.  incteaied  capacity 
requirement*  for  air  compreoor. 


1 inure  t uf  Dili 

MSD 

WMS 

WMS 

AuU 

tiuutl, 

Con 

Anal. 

Anal. 

Effectiveness  Attribute  Data  and  Ratings' for  Viable  Systgm/Vessel  Combinations 


WMS 

# 

GALLATIN 

(378’) 

VIGOROUS 

(210') 

FIREBUSH 

(180') 

PAMLICO 

(160') 

WHITE  SAGE 
(133*) 

POINT  HERRON 
(82*) 

1 

b 

90 

a 

100 

c 

50 

d 

0 

b 

90 

a 

100 

2 

b 

90 

d 

0 

c 

50 

d 

0 

c 

50 

N 

A 

3 

b 

90 

N 

A 

c 

50 

d 

0 

c 

50 

N 

A 

4 

C 

50 

N 

A 

c 

50 

d 

0 

c 

50 

N 

A 

5 

N 

A 

N 

A 

c 

50 

d 

0 

b 

90 

N 

A 

6 

N 

A 

N 

A 

c 

50 

d 

0 

b 

90 

N 

A 

7 

C 

50 

N 

A 

c 

— 

'UTT 

O 1 

d 

0 

b 

90 

N 

A 

8 

N 

A 

N 

A 

c 

50 

d 

0 

b 

90 

N 

A 

9 

b 

90 

b 

?C 

c 

50 

c 

50 

b 

90 

C 

50 

10 

b 

90 

d 

0 

c 

50 

c 

50 

c 

50 

N 

A 

11 

C 

50 

N 

A 

c 

50 

c 

50 

c 

50 

C 

50 

12 

N 

A 

N 

A 

c 

50 

c 

50 

c 

50 

N 

A 

13 

N 

A 

N 

A 

c 

50 

c 

50 

c 

50 

N 

A 

14 

b 

90 

b 

90 

c 

50 

c 

50 

b 

90 

C 

50 

15 

b 

90 

d 

0 

c 

50 

c 

50 

b 

O 

N 

A 

16 

c 

50 

b 

90 

c 

50 

r 

50 

b 

90 

c 

50 

17 

N 

A 

N 

A 

c 

50 

c 

50 

b 

90 

N 

A 

18 

N 

A 

N 

A 

C 

50 

c 

50 

C 

50 

N 

A 

Attribute  Data- 


Rating 


N/A  - Not  a viable  lyttcm/vcnel  combination 


(.3 


i 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


Extent  of  temporary  modification*  required  forWMS  Installation 


Ettectlveness  Rating  Function 
luting  pfc) 


(a)  No  temporary  modifications  required. 

(b)  Temporary  modifications  required  arc  minor, 

(c)  Extent  of  temporary  modifications  required  is  moderate. 
(<f)  Temporary  modifications  required  are  extensive, 

*E.g. , cutting  access  openings. 


Attribute 


Source  of  Dm 
MSD  VKO  TWMS" 

Aral,  tniull.  Co« 

Anil.  Ami. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


WMSH  GALLATIN  VIGOROUS  F1REBUSH  I PAMLICO  IWHITE  SAGE  POINT  HERRON 
# fi  (378‘)  (210’)  {180')  I (160‘)  I (133’)  (82') 


Attribute  Dau 


N/A  • Not  a viable  system/ vessel  combination 


lii-  - 

y-;v--Tr  ■ 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


31  Effect  ofWMS  on  vessel  stability 


Effectiveness  Rating  Function 
Rating  C9>) 


(a)  No  effect  on  existing  stability  characteristics  of  vessel. 

(b)  Some  effect  on  existing  stability  characteristics  of  vessel,  easily 
compensated  for. 

(c)  Severe  effect  on  existing  stability  characteristics  of  vessel, 
compensation  requires  extensive  modifications  to  vessel  (eg. , no 
tankage  in  Point  Herron). 


Source  of  Data 
MSD  WMS  I'WMS 

Ami.  instill.  Cost 

Anal.  Ai.il. 


Effectiveness  Attribute  Data 

WMS  | GALLATIN  VIGOROUS 

# B (378')  (210*) 

<3  100  <X  100 

a 100  a 100 

a 100  N A 


JOO 

+00 

100 

100 
N A 
N A 
100 
N A 
100 
100 
100 
N A 
N A 

JOO 

JOO^ 

100 

N A 
N A 


N A 

JOO 

JOO 

N A 


and  Ratings  for  Viable  Systqm/Vessel  Combinations 
“FIRE BUSH  I PAMLICO  IWHITE  SAGE  IPOINT  HERRON 


(180') 


(1601) 


(133’) 


100 

a 

100 

a 

100 

100 

a 

100 

a 

100 

100 

a 

100 

a 

100 

ML 

a 

100 

a 

100 

100 

a 

100 

a 

fob 

100 

a 

foo 

a 

too 

100 

a 

(00 

a 

1 00 

100 

a 

too 

a 

1 00 

100 

a 

100 

a 

100 

100 

a 

(00 

a 

100 

100 

a 

100 

a 

f 00 

100 

a 

100 

a 

1 00 

100 

a 

100 

a 

100 

100 

a 

100 

a 

100 

100 

a 

100 

a • 

100 

100 

a 

100 

a 

JOO 

1 00 

a 

100 

9 

fi 00 

100 

a 

loo 

a 

100 

N A 
N A 


a 100 


Attribute  Data— 


N/A  - Not  a viable  system/ vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


32  | Effect  of  WMS  on  vessel  trim  and  list 


Effectiveness  Rating  Function 

Rating  Cfr) 


(a)  Mo  effect  on  aim  or  on  Use. 

(b)  Some  ewlly  compensated  for  effect  on  aim  ot  list. 

(c)  Compensation  foe  effect  on  aim  ot  list  requires  extensive 
modification  to  vessel. 


Attribute 


Source  ot  Dala 
MSD  WMS  TwItT 

Anat.  install.  Com 

Anal.  Anal. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


WMSH  GALLATIN  I VIGOROUS  FIRE  BUSH  I PAMLICO  IWHITE  SAGE  POINT  HERRON 
# !l  (378*)  I (210*)  (180*)  I (160*)  I (133*)  (82') 


Attribute  Data 


N/A  - Not  i viable  lywcin,  vesael  comtiiiation 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


Effect  of  WMS  on  normal  range  of  vessel 


JL  flk)  ■ 100  - 1001  05LS1.0 
lv  *0  L>1.0 


miamj 


Effectiveness  Attribute  Data 


WMS 

# 


GALLATIN 

(378*) 


VIGOROUS 


and  Ratings  for  Viable  System/Vessel  Combinations 


FIREBUSH  PAMLICO  WHITE  SAGE  POINT  HERRON 
(180‘)  (160')  (133’)  {02*} 


100 

o,  o 

100 

N 

(00 

N 

100 

N 

100 

N 

100 

N 

100 

N 

100 

N 

99 

0,  SO 

9 9 

N 

99 

0,  50 

99 

N 

99 

N 

99 

0,  50 

99 

N 

99 

0,  SO 

99 

N 

99 

N 

8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


Attribute  Dau 


0,  0 


N 


N 


537,  0 100 


N 


0,  881 


100  0,  644  I I0O 


521,  981  1001  363,644 


0,  ggl  1(00 


N 


N 


0,  852  100  1 0,  5 93  100 


521.  852  too  1 36 3,  593 


0,  852  100 1 0,593  100 


100 


100 


376, 0 97 


0,0 


0,0 


0,0 


504,  0 


504,0  I 96 


0,  880  97 


176,0 


0,  0 


0,0 


0,0 


236,  0 


236,0 


0,  374 


2 3 6,374 


0,  374 


504, 880  93 


0,  880  97 


0,  880  97  I o,  374 


504,  880  93  236,  374  0 


0,  799  97 


504,799  93 


0,  799  97 


o,  374 


236,  374 


0, 574  0 


0,374 


N/A  • Not  a viable  tyitem/vettel  combination 


I - 33 


L - Range  limit  Index  due  to  WMS  cocxumpdoD  of  fuel  and /or  freth  water  for  1 viable  candiate 
WMS  on  vessel  v. 

tb 

F - Fuel  consumption  (gallons)  of  1 viable  candidate  WMS  on  vessel  v during  maximum  holding 
time  period  foe  vessel. 

th 

W - Fresh  water  consumption  (gallons)  of  1 viable  candidate  W MS  on  vessel  v during  maximum 
holding  time  for  vessel . 

C 

F - Remaining  gallons  of  fuel  after  maximum  holding  time. 

c 

W-  Remaining  gallons  of  fresh  water  after  maximum  holding  time 

Data  given  in  the  form; 

F.W 


VESSEL  FUEL  OIL  AND  FRESH  WATER  CAPACITIES  AND  CONSUMPTION  RATES 


Vessel 

Required 

Majdmum 

Holding 

Time 

(His) 

Gallatin  (3781) 

97.5 

Vigorous  (210') 

172.0 

Flrebush  (180') 

277.9 

Pamlico  (160‘i 

New  Construction 

501.0 

White  Sage  (133‘) 

65. S 

Point  Herron  (82') 

99.0 

Capacity 

(Gels) 

Usage 

Rats 

(Gali/Day) 

17,  794 

6,  500 

7,  700 

2,000 

S2,99^3) 

2,  300 

U) 

19,255 

600 

10,066 

135 

1,  385 

ISO 

TRESH  WATER 


Generatl 

Rate 


Capacity 

(Gala) 


FUEL  OIL  | 

Usage 

Rate 

Remaining 

Gallons(8) 

(Gala /Day) 

Hold.  Time 

3,000 

203,  370 

1,  800 

29,094 

1,  300 

12,821 

(5) 

(6) 

500 

0 

720 

10,898 

150 

1,380 

(1)  Does  Not  Include  13,  028  Gale  of  Cargo  Water 

(2)  After  ShipAlt  Removal  of  Flume  Tank 

(3)  rtrebueh  euppUe*  Lighthouse*  with  Fresh  Water  end  Fuel  as  follow#: 

(e)  Ambrose  - Quarterly:  20,000  gels  water,  10,000  pels  fuel  oil 

(b)  Execution  Rock  - Every  2 months:  1,500  gals  water,  no  fuel  oil 

(c)  Throggs  Neck  - Every  2 months:  1,  200  gal*  water,  1, 200  gals  fuel  oil 
Theee  are  taken  directly  from  vessels  tanks,  there  ere  no  separate  cargo  tanks, 

( 4)  This  figure  Include*  water  used  for  flushing  since  Pamlico  Is  currently  outfitted  with  a Colt  Industrie* 
Vacuum  Collection  System  . which  utUtte*  fresh  water  flush. 

(5)  This  figure  was  obtain  by  assuming  a typical  operational  profile  of  3 day*  transit  out,  3 day*  on  station, 

3 day*  return  transit.  Transit  fuel  cxjnsumptlon  l*  assumed  to  be  600  gallons  per  day.  end  on-station 
300  gallon  per  day . 

(6)  Pamlico  fuel  capacity  la  insufficient  to  sustain  ship  operation  for  protected  required  maximum  holding  time 

(7)  Designated  by  C vy. 

(6)  Designated  by  Cr< 


: .... w y,.,  m;.\  tyi.  ...  , .. ; , , . , f{-  , _ . 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  rACTORS/SUBFACTORS 
M/E I - ADAPABHJTY  FOR  SHIPBOARD  INSTALLATION 


Degroe  of  space  trarte-off/reallocation  required  for  V/ MS  Installation 


Eitcctiveness  Rating  Function 
(Uting  (v>) 


80 1 J 


(a)  No  spice  Blde-o.'f/reallocanon.  required. 

(b)  Minimal  degree  of  space  tttde-off/reallocatjon  required. 

(c)  Moderate  degree  of  space  trade-oft/reallocation  requited. 

(d)  High  degree  of  space  tradc-off/reallocation  required. 


40  | 


Attribute 


dgwreg  ofJUU 

""T wms  Twms 

Awl.  | Uiiull,  Ce« 
j Anal.  | An*I. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


WMSH  GALLATIN  VIGOROUS  FIRE  BUSH  PAMLICO  WHITE  SAGE  POINT  HERRON 
•#  II  13781  (210*)  (180')  {160')  (133*)  (82') 


Attribute  Dau- 


N/A  * Not  a viable  system/veasel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


3S1  I Amount  of  WMS  consumption  of  vessel's  electric  power  (relative! 


Firectlvertfiss  Rati  ho  Function  I = inn  . inn  m<  .... 


Ettectlveness  Rating  Function 

Raring  pu) 


Rtvtfo)  * too  - 100 i 0<  1 —.1.0 

[ MV  My 

RjvCfrl  - Sating  07«)  of  1^  viable  candidate  WMS  on  vessel  v 

EPj  - Annual  consumption  of  electric  power  (Kwh/ Year)  of  i**1 
viable  candidate  WMS  on  vessel  v based  on  projected 
WMS  utilization 

Mv  - Maximum  value  of  EPj  for  all  viable  WMS  candidates 
for  a given  vessel  v 

* includes  energy  lor  pumping  flush  medium  and  cooling  water. 


'0  EPj  ICO 

100  «; 

^ C Etfec&veness  AttribuTe  Dat<s 
WMSf  GALLATIN  I VIGOROUS  I 


SO  jrc C Of  V 3 u 
MSD  WMsTVmS 

Ami.  IfDttll,  Uff 
Aiul.  A 8*1. 


3002  96 

42,987  37 

N A 

N A 


and  Ratings  '(or  Viable  SystQm/Vessel  Combinations  _ 

~ FIRE  BUSH  1 PAMLICO  SWHITE  SAGE  IPOINT  HERRON 
(180*)  (160')  I (133')  (82*) 


48  99 

4 07  95 

48  9 94 

4087  49 

4087  49 

4089  49 
4079  49 

5006  32 

2163  73 

3577  59  1 

v8C38  0 

6175  23 

7607 

29  87  63 

1933  81 

5792  15 

4148  48 

5564  31 


(378')  1 

(210')  1 

(180*)  I 

(160’) 

350 

93 

107 

99 

127 

39 

i ’ • 

53 

100 

i s/e 

97 

400 

95 

•494 

98 

403 

97 

243T 

36 

N 

A 

756 

97 

569 

96 

8330 

«0 

N 

A 

5250 

79 

11345 

25 

N 

A 

N 

A 

IC.H4 

59 

11321 

25 

N 

A 

K 

A 

10,360 

' 

59 

11329 

25 

18,496 

73 

N 

A 

9538 

62 

13795 

9 

N 

A 

N 

A 

14,631 

41 

13768 

9 

25756 

62 

8609 

5 

7206 

71 

1359 

91 

27910 

59 

(.904  37 

0 

8117 

67 

33  07 

75 

'07,89  V 

0 

N 

A 

(24,974.’ 

0 

11,515 

24 

N 

A 

N 

A 

17,439 

30 

12635 

16 

N 

A 

N 

A 

16,  581 

34 

1 150  80 

0 

848 

99 

3M 

97 

29  0 

99 

92 

99 

1 201  9? 
lt,oSg  28 
10,523  58 

9665  61 


254p  83 

10,248  32' 

11363  25' 

13813  8 


Anri  but*  Data-^ 


N/A  • Not  a viable  synem/versel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


3 52  | Amount  of  WMS  consumption  of  veesel’s  fuel  oil  (relative) 


EUectlveness  Rating  Function  fo  f 

Rating  ffa)  V*>  =*  100  - 100  — 0 S~ 


» 100  - 

F° 

100  — 

F° 

V 

V 

- Racing  fk)  of  l™  viable  caudlate  on  vessel  v 

th 

FO  * Aenual  consumption  of  fuel  oil  (Gals/Year)  of  1 viable 

* candidate  WMS  on  vessel  v based  on  projected  WMS  utilization 

M • Maximum  value  of  FOj  for  all  viable  WMS  candidates  lot  a 
given  vessel  v 


Source  of  Out 
M5d'  VmS  WMsT 
AmI.  jniuU.  Cote 
AmI.  Aotl 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


GALLATIN  VIGOROUS  FIREBUSH  I PAMLICO  IWHITE  SAGE  POINT  HERRON 
(378*)  (210')  (180*)  I (160*)  | (133‘)  (82') 


Attribute  Dels 


N/A  - Not  a viable  tynera/vesscl  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/S  UBFACTORS 
M/E  I - ADAPABILITY  FOR  SHIPBOARD  INSTALLATION 


3S3  | Amount  of  WMS  consumption  of  vessel's  potable  water  (relative) 


Ettectiveness  Rating  Function  r,  fl,)  = too  - iqo L l°- ! 


Rating  ffa) 


jl  ffr)  = too  - 100 p 1 !o< £ <1.0 

Mv  I Mv  | 


Rlvm  " Ruling  (%)  of  l viable  candidate  cc  veeel  v 

fL 

PWt  - Annual  cowumptlon  of  potable  water  (Gals/Year)  of  l 
viable  candidate  WMS  on  veasel  v baaed  on  projected 
WMS  utilization 

- Maximum  value  of  PWj  for  all  viable  WMS  candldatea 
for  a given  veaael  v 


Soiree  of  Dmj 


WMS  VMS 
Insult,  Cost 
Awl.  Anal. 


Effectiveness  Attribute  Data 

and  Ratings  for  Viable  Syst^m/Ves3el  Combinations 

WMS 
# ' 

K GALLATIN 

II  (3781) 

VIGOROUS 

(210') 

FIRE  BUSH 
(180‘) 

PAMLICO 

(1601) 

WHITE  SAGE 
(133*) 

POINT  HERRON 
(82*) 

3 30222 


A 


27740 


21140 


27740 


8 25185 


8 25 185 


8 Z5I85 


A 2513  5 
A 1251 85 


65  48 


6548 


6548 


6548 


6548 


6548 


654# 


6548 

6548 


0 


0 


0 


0 


0 


0 


0 


0- 


4057?) 


0 I (0  578 


0 10578 


0 IOF78 


0 10578 


0 I 10578 


0 10578 


10578 


0 (0578 

0 10578 


Attribute  Data 


N/A  - Not  a viable  ayitem/vencl  combination 


i itia' nvi: n i:so  katincs  ron  i:li:mi:ntaky  I’ACTORS/siuuAcroiw 
m i i - APArAPu.m'  roR  snirnoAtm  installation 


3^4  I Amount  ot  WMS  consumption  of  vns  sol's  comprossod  nlr  (rtdnttvo) 


l tti'CUvonc:i:i  Rating  PuncHon  I K - |00  . uu}^\  o<‘^i 

RaiiHi;  fo)  J Mv  Mv 

4 Kj v O'1)  ' K.uuijn'r)  l'*1  viable  ijitJul.tic  on  vend  v 


QV:A>  -I.  i> 
"x  \-J2x 


OA.  » Annual  cotnum|'tl.>n  of  iom|«uu!  alt  (SCI  M x U'^/tcat)  of  l1  ’ viable 
c.xnJldalc  WMS  on  vraael  v bared  on  ptolrcted  WMS  utiliaatlon 

M>.  - Maximum  value  of  CA(  for  all  viablr  WMS  candidaica  for  a 
jflvrvi  veaael  v 

NOn_  «'nly  the  SO  M ma^e  of  WMS  aubiyrtemi  11  contiJrred  bwei 
(in'  jirrauir  at  winch  alt  it  used  11  not  conudcied. 


- ..fcvvt  O.l'iit 

XIM'  kill  liXIs 

Anal.  tunall.  < ><« 

•—  Anal . Ana) 


rfforttvnnnaa  JUtrhmtO  IMta 

WMSl  GALIAT1N  1 VIGOROUS  1 


and  Ratings  for  Vlnnlo  Systom/voasol  Comninntioi  s 

rnudiusM  1 i’Ami.ico  lwnnr  saghTpoint  hlrron 


(37U1) 


(a  ) O') 


(ino1) 


(UiO*) 


{133') 


.oTwjO 


93  0.  7.S64 


9o|  0.613.1  I 9V  |O..VoVt.44  I 4ft 


90  Jo . 6 1 38 


77  2.  >4 


98  0*6138 


86  0.8463 


98  0.61  38 


r>  10. 19014  J 7?  I 0 . 0H> 2.  P7 


O5I0.35H644  48  1 N 


0.4900 65  79  0.0302  4 


7?  10.19014  9 li N_ 

0.  3S-644  4 8 N 

74  jo.  2 20  6 V/  68  0 020/  | 44 

o.3tt*44 


««  0.8463  92  049 


74  2. 92 


0.61 3fl  9!)  I 0 M> 


N/A  - Not  a viable  lynem/veuel  combination 


0. 03024 


EFFECTIVENESS  RATINGS  TOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  I - ADAPABILITY  FOR  SHIPBOARD  INSTALI.ATION 


3SS  | Amount  of  WMS  consumption  of  cooling  water  (relative) 


Ettectlvcncss  Rating  Function 
Rjting  C'/j) 


* 100  - 100  . 0-CWl  -i.n 

At, 


Rjy0^>)  * Rating  of  l*1’  viable  candidate  WMS  on  vcttel  v 


CWj  " Annual  coniumption  of  cooling  water  (GalVVear)  of  t viable 
candidate  WMS  on  vend  v bated  on  projected  WMS  utilization 

My  - Maximum  value  of  CS Vj  for  all  viable  WMS  candidate*  fot  a 
given  veaael  v 


5c*ut c a of  pj 
MSU  WM5 

Aral.  Imutl, 
AimI. 

WMS 

Co* 

Anti. 

[ 



Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vecsel  Combinations 


WMS jl  GALLATIN  I VIGOROUS  1 FIREBUSH  I PAMLICO  IWHITE  SAGE 

# I!  (37B*)  I (7.10M  1 (180')  I (160')  | (133*) 


0 loo 


85,  274  v 

92, 6 37  po 


203,  670 
203,  {,10 


J2J21 

Tim 


Attribute  Data* 


N/A  - Not  a viable  tyitem/veaaei  combination 
74 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/S UDFACTORS 


M/E  II  - PERFORMANCE 


11 

| WMS  per  fcapita  energy  consumption  (relative) 

Effectiveness  Rating  Function 

Ranng  O) 

f E 

Rjy(1b)  » 100  • 100 *_  0<  1 <1,0 

M ~ M 

Vear)  of  l1*1 
rojected 

dldatea  for 

on; 

cooling  water; 
venel. 

J 

loo- 

0- 

RjCJ.)  - Rating  Ofr)  of  1th  viable  Ej  - Annual  pet  capita  energy  comumpdon  (Kwh/ 

candidate  WMS  (inde*  viable  candidate  WMS  00  vent!  v bated  on  p 

pecdent  of  venel)  WMS  utlUiatlon 

X.  M - Maximum  value  of  E(  for  all  viable  WMS  can 

\ any  vtsltel 

\ NOTEs  Include!  eletolc  power;  power  for  vcntllat 

\ comprened  all!  pumping  fluth  medium  ant 

fuel ; ftiel  for  freih  water  generated  aboard 

X 

get  Pju I 

\ , 

•CD 

iml. 

WKC 

Imull. 

Anti. 

WUt  j 

Coit  1 
Anil.  | 

a t,  inn 

J 100 



y 1 

l Ftfectlvenesa  J 

\ttrlbute  E)a;a  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 

WMS 

* 

GALLATIN 

(378’) 

i»]fcM;MlkB 

Hum 

1 

I 

WHITE  SAGE 
(133*) 

POINT  HERRON 
(82') 

1 

)2 

100 

5 

9 

49 

98 

mm 

94 

. . 10 

IBS 

1 

9 

2 

15 

99 

9 

i5 

99 

49 

El 

25 

93 

N 

A 

3 

365 

ES 

N 

A 

450 

82 

1000 

m 

367 

85 

N 

A 

■ 1 

56 

B 

N 

n 

107 

96 

882 

19 

195 

92 

N 

A 

5 

N 

A 

N 

T\ 

217 

91 

910 

m 

19/ 

92 

N 

A 

6 

N 

A 

N 

a 

281 

89 

1015 

m 

202 

92 

N 

A 

B 

59 1 

a 

N 

A 

809 

68 

2421 

n 

747 

70 

N 

A 

8 

N 

fl 

N 

A 

908 

64 

2415 

B 

747 

70 

N 

A 

9 

2?) 

01 

178 

m 

156 

94 

147 

m 

103 

96 

62 

gg| 

10 

mm 1 

ia 

wm 

m 

752 

70 

1647 

34 

6 56 

m 

N 

B 

11 

i 520 

H 

N 

S 

531 

79 

152 

94 

408 

84 

v 1 1 6 / 

95 

12 

N 

A 

N 

a 

36! 

86 

1014 

60 

295 

88 

N 

A 

13 

N 

A 

N 

a 

mm 

62 

E§Efl 

B 

BH 

66 

N 

A 

14 

45 

m 

27 

1 

18 

9? 

51 

98 

m 

100 

4 

ES 

IS 

514 

19 

mm 

i 

613 

m 

1549 

m 

559  ■ 

78 

N 

B 

16 

MBM 

H 

189 

1 

39  J 

i 

859 

m 

310 

88 

54 

B 

17 

A 

N 

A 

223 

m 

918 

1 

225 

91 

N 

□ 

18 

- 

A 

N 

T\ 

80? 

6e 

2417 

L± 

/ 49 

70 

N 

B 

Attribute  Data*J  Rating  N/A  - Not  a viable  tynem/veuel  combination  7^ 


i ' 

IfctL. 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E II  - PERFORMANCE 


WMS  per  capita  wet  v/olght  (relative) 


Ettectiveness  Rating  Function 
Rating  (7o) 


Rj  ffy  3 loo  - 100  2!i 

< W,  , 

0—  1 <■!  0 

M 

M 

(»;..)  - Rating  tfS)  of  1*  viable  candidate  WMS  on  vessel  v 

Wj  - Total  pet  capita  wet  weight  (lb.)  of  1*  viable  candidate 
WMS  (Including  drain  piping)  on  vessel  v 

M - Maximum  value  of  Wj  for  all  viable  WMS  candidates  for 
any  vessel 


Drain  piping  material  la  assumed  to  be  copper-nickel  (Cu-Nl) 


$rujce  of  P>u 
MSD  ( WNti  T W MS 
Anjk,  Instill.  Con 
Arul.  Ansi. 


100  kT 


Effectiveness 


WMS 

# 


Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


VIGOROUS  FIREBUSH  PAMLICO  WHITE  SAGE  POINT  HERRON 
(210')  (180')  (160')  (133')  (82 ') 


(909  78 


4369  49 


623 3 V 


(220  86 


F958S) 


6356 


6106  29  1493  83 
6220  28|  1574  1 82 


92 


1068  38 


107 4 37 


610  91 


1387  34 


1467  83 


1333  84 


672  92 


(442 


1462  33 


S 4 


818  90 


7(0  92 


N/A  - Not  a viable  sy'-ern/ vessel  combination 


78 

5577 

35 

83 

2538 

70 

92 

1105 

87 

U 

KBSI 

24_ 

79 

5865 

32 

90 

56/? 

35 

87 

1559 

70 

93 

1(08 

87 

585  93 


N 


N 


N 


N 


N 


N 


N 


0937)  89 


N 


788  91 


N A 


N 


920  89 


N A 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/S UHFACTORi 
II  - PERFORMANCE 


13  I WMS  per  capita  volume  (relative' 


Effectiveness  Rating  Function 
RacnjJ  O) 


* 100  -iooZL  0<Il<1.0 


Riv^'  * R*tin8  fSi  of  I1*1  viable  candidate  WMS  on  vessel  v 
Vj  * Total  pet  capita  volume  (ft3)  of  l1*1  viable  candidate 
WMS  (Including  drain  piping)  on  veaael  v 

M - Majdmum  value  of  Vj  fot  all  viable  WMS  candidates 
fot  any  vessel 


^urcc  of  l>*u 
MSD  WMS  T WMS 

Ar.>l  TmiaII,  Con 

Arul.  Anil. 


Effectiveness  Attribute  Data 


V/MS 

# 


GALLATIN 

(378') 


VIGOROUS 

(210') 


and  Ratings  for  Viable  System/Vessel  Combinations 


FIREBUSH  PAMLICO  IW’HITE  SAGE 

(180')  (160')  I (133') 


29  5 90 


N 


N 


27.7  bo 


N 


28  8 


2?  1 


95  1 90 


N 


N 


29  3 90 


3M 


29  0 90 


N 


N 


Attribute  Data-^ 


N 


N 


N 


N 


N 


N 


212  93 


218  192 


N 


N 


N 


214 


92 


li.l 


N 


N 


Racing 


35  9 88 


30  2 


60  7 79 


62  4 


64  8 78 


52  7 


55  3 S 1 


40  9 86 


7 80 


279  6 3 


289  3 


149  8148 


224. 6 


281  6 


73  8 74 


69 


65 


1038  64 


109  6 62 


81 


7/8  75 


84 


79 


79 


70 


65.7  77 


193.8  33 


124  8 S7 


252.5 


199  8 31 


167  2 42 


187  9 35 


1189  59 


89  7 69 


103  9 64 


97  9 66 


91  4 68 


98.9  66 


80  6 72 


77.7  73 


86  3 70 


N 


N 


N 


N 


N 


N 


N 


89  9 


N 


95  4 67 


N 


N 


A 


(%  4 67 


N 


85.4  70 


N 

A 

N 

A 

N/A  - Not  a viable  syitem/vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  II  . PERFORMANCE 

21  | A ?,  qua  _y  of  WMS  black  water  holding  times 
tut',  aveness  Rating  Function 


* Bated  on  vessel  mission  profiles,  A WMS  which  employs  an  incinerator 
or  evaporator  it  considered  to  meet  1007o  of  the  required  holding  rime. 
The  holding  time  of  a WMS  which  employs  a 
holding  tank  (for  wastewater  or  sludge)  is 
determined  by  the  ratio  of  available  tank 
capacity  to  required  capacity. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMSj 
* 1 

GALLATIN 

(378') 

VIGOROUS 

(210’) 

FIRE  BUSH 
(180*) 

PAMLICO 
(1 60 ') 

WHITE  SAGE 
(133') 

POINT  HERRON 
(82') 

1 

100 

H 

40 

40 

100 

100 

100 

100 

100 

100 

58 

58 

2 

100 

100 

53 

53 

100 

100 

100 

100 

100 

too 

N 

A 

3 

mm 

100 

N 

A 

100 

100 

100 

m 

100 

100 

N 

A 

mm 

|00 

100 

N 

A 

100 

100 

100 

100 

mm 

100 

N 

A 

s 

N 

A 

N 

A 

100 

100 

100 

100 

]00 

N 

A 

6 

N 

A 

N 

A 

100 

loo 

100 

100 

100 

100 

N 

A 

MM 

100 

loo 

N 

A 

\oo 

100 

100 

1 00 

1 00 

100 

N 

A 

8 

N 

A 

N 

A 

o 

Q 

100 

100 

1 00 

ICO 

100 

N 

A 

9 

100 

100 

48 

43 

100 

100 

100 

100 

1 00 

100 

100 

100 

10 

100 

too 

too 

B 

100 

100 

100 

100 

mail 

loo 

N 

A 

11 

100 

100 

N 

1 

100 

flfl 

1 00 

100 

HU 

100 

100 

100 

12 

N 

A 

N 

A 

100 

100 

1 00 

o 

o 

100 

100 

N 

A 

13 

N 

A 

N 

A 

100 

100 

100 

100 

100 

Lioo 

N 

A 

14 

100 

100 

100 

100 

100 

100 

1 00 

100 

IDO 

loo 

100 

100 

15 

100 

100 

100 

100 

HBH9 

100 

1 00 

100 

100 

100 

N 

A 

16 

100 

100 

100 

100 

mm 

100 

1 00 

100 

100 

100 

100 

100 

17 

N 

D 

N 

A 

100 

100 

100 

100 

mm 

100 

N 

A 

18 

N 

X 

N 

A 

100 

100 

100 

100 

too 

100 

N 

A 

Attribute  Dtta-a  ^—  Rating  N/A  - Not  a viable  system/ vessel  combination  78 


I Source  of  Data  I 

MSD 

Aral, 

WMS 

Inmil, 

Anal. 

WMS 

Com 

Anal, 

Rfrfli)  - IfTjj  I 0 < HTp  S.100 


«lv<*>  " Cr°)  of  l**1  viable  candidate  WMS  on  vessel  v 
HTjj  * $>  of  required  black  water  holding  time  met  by  W MS 


Vessel 

Maximum  Holding  Time  Required  (Hours)  * 

GALLATIN 

91.5 

VIGOROUS 

112.0 

F1REBUSH 

211.9 

PAMLICO 

501.0 

WHITE  SAGE 

65.5 

POINT  HERRON 

99.0  ^ 

EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E II  - PERFORMANCE 


Adequacy  of  WMS  gray  water  holding  times 


Effectiveness  Rating  Function  j>  c%)  --  ht0  o<m\<ioo 

Rating  C’p)  i— — — i 

. ....  . .*  , . ... 


Rjv  (rA>)  - Riling  {'£>)  of  1 viable  candid  ire  WMS  on  vessel  v 
HTg  • '%•  of  required  pay  water  bolding  time  met  by  WMS 

Vessel  Maximum  Holding  Time  Required  (Hours)* 

CAUAT1N  07.  S 

VIGOROUS  172.0 

FPEBUSH  277.9 

PAMLICO  501.0 

WHITE  SAGE C5J 

POINT  HERRON  90.0 

* Bated  on  vettel  mission  pro  tiles,  A WMS  which  employs  an  incinerator 
or  evaporator  is  considered  to  meet  100£  of  the  required  holding  time. 
The  holding  time  of  WMS  which  employs  a r* — 

° ~ ' 5oof\;c  of  Pm 

bolding  tank  (for  wastewater  or  sludge)  is  Msn  wms  wms 

determined  by  the  ratio  of  available  tank  Ansi.  tmuit,  ito«t 

capacity  to  required  capacity.  —Ji; 


WMS 

# 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


GALLATIN 

(378') 


VIGOROUS 

(210') 


FIREBUSH 

(180*) 


IBB 


0 

0 

55 

55 

0 

0 

a 

64 

12 

12 

64 

64 

22 

22 

64 

64 

100 

too 

too 

100 

100 

100 

100 

100 

z? 

z? 

64 

64 

100 

100 

ioo 

100 

13 

13 

64 

64 

35 

35 

64 

64 

35 

35 

64 

64 

m 

nm 

too 

100 

loo 

100 

100 

13 

13 

6 4 

64 

35 

35 

64 

IB! 

35 

35 

64 

■HI 

100 

100  _ 

100 

1 00 

loo 

100 

? 00 

100 

21 

N 


Rating 


21 

N 


N/A  - Not  a viable  system/ vessel  combination 


79 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E II  - PERFORMANCE  


311  I Effect  of  peak  hydraulic  loads* in  black  water  stream  on  WMS  performance 


Effectiveness  Rating  Function  1 

= GIST^  - If  the  WMS  black  water  subsystem 
has  a Grumman  M3D,  or  other  M$D  requiring 
an  Influent  surge  tank 
“ Rating  based  oiiZ^^,  otherwise 

Rlv(^5  ■ Rating  (%)  of  Ith  viable  candidate  WMS  on  vessel  v 

* Includes  Instantaneous,  hourly  and  dally  loads. 

NOTES : 1 . A WMS  gets  the  rating  that  Its  black  water  C/T 
subsystem  would  receive 

2.  The  ability  of  the  Grumman  or  other  MSD  requir- 
ing an  influent  surge  tank  to  handle  peaks  depends 

almost  entirely  on  the  sizing  of  its  _______ 

influent  surge  tank;  optimum  ISp* 

sizing  cannot  always  be  provtdod  imwii.  <;*»■ 

on  all  vessels. 

LCont  Inuadj 

s Attribute  Data  ancfRatincjs  for  Viable  SystcmA'essol  Combinations 

FIRESUSH~T  PAMLICO  " IWHITE  SAGlTlPOlNT  HERRON 
(ISO1)  I (160‘)  I (X33‘)  I (821) 


WMS 

# 


8 


9 


10 


11 


12 


13 


14 


IS 


16 


17 


18 


Attribute  D»u 


ti/A  - Not  a viable  tyuem/vtnel  combination 


II  - 311 


dSTg  - of  required  Influent  surge  uok  capacity  for  Grumman  (or  other  MSD  requiring  an  Influent 
surge  tank  In  hlack  water  stream)  provided  by  Installation. 

* Peak  load  handling  ability  of  WMS  (black  water)  C/T  subsystem  which  doe*  not 
employ  an  Influent  surge  tank. 


Data  given  la  the  foams 

CIST  - If  WMS  (black  water)  C/T  subsystem  employs  an  Influent  surge  uok 
b 

^C/T  “ If  Whfc  (black  water)  C/T  subsystem  does  not  employ  an  Influent  surge  tank 


NOTE: 


C/T 


is  not  vessel  dependent 


CIST  Is  vessel  dependent 

b 

Definition  and  Corresponding  Ratings  fos 


Racing  or-) 


100 


80 


10 

£ 


Attribute 


(a)  No  significant  effect  of  black  water  peaks  on  WMS  subsystem 

performance* 

(b)  Effect  of  black  water  peaks  b of  short  duration,  with  temporary 
Implications  for  WMS  subsystem  performance,  easy  to  overcome. 

(C)  Long-term  effect  of  black  water  peals,  difficult  to  overcome, 
with  long-term  Implications  for  WMS  subsystem  performance. 

(d)  No  ability  of  WMS  subsystem  to  handle  black  water  peaks. 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E II  - PERFORMANCE 


Effect  of  peak  hydraulic  loads*  in  gray  water  streams  on  WMS  performance. 


Ettectiveness  Rating  Function 

R,  {%)  = GIST  - If  the  WMS  gray  water  subsystem  has  a Grumman  MSD, 
iv  g 

or  other  MSD  requiring  an  Influent  surge  tank 
* Rating  based  onZG^y^,,  otherwise 

R (%)  a Rating  (%)  of  Ith  viable  candidate  WMS  on  vessel  v 
iv 

(Continued) 

* Includes  instantaneous,  hourly  and  dally  Loads. 

NOTES : 

1.  A WMS  gets  the  rating  that  its  gray  water  C/T  subsystem 
would  receive . 

2.  The  ability  of  the  Gruniman  or  other  MSD  requiring  an 

influent  surge  tank  to  handle  peaks  depends  eum-st 
entirely  on  the  sizing  of  its  Influent  surge  t.^r.L:  IsSi S 55 

, , , , , , , MSD  WMS  WMS 

optimum  sizing  cannot  always  be  provided  on  all  AwU  toiull  ^ 

vessels  . — y~  L_  -dul- . 

(Continued)  *■■■*-  — — 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS  GALLATIN  VIGOROUS  FIRE  BUSH  PAMLICO  [WHITE  SAGE  POINT  HERRON 

* I!  (378')  (210')  (180‘)  (160’)  | (133’)  (82') 


Aoil.  | Anal. 


100 

100 

100 

100 

100 

too 

100 

100 

100 

a 

100 

a 

100 

(00 

1 00 

100 

100 

a 

100 

a 

100 

a 

B 

a 

100 

a 

100 

a 

100 

loo 

100 

1 00 

100 

100 

100 

100 

(00 

a 

100 

a 

100 

(X 

100 

a 

(00 

a 

(00 

a 

100 

\oo  i 

i oo 

1 00 

100 

100 

100 

1 00 

Attribute  Data- 


N/A  - Not  a viable  system/ vessel  combination 


u - 312 


GET  - ft  of  required  Influent  surge  tank  capacity  for  Grnmman  (ot  other  MSD  tequiring  an  influent 
® turge  tank  in  gray  water  stream)  provided  by  installation, 

2GC^-  Peak  load  handling  ability  of  oon-Grumman  (1,  c.,  CUT)  gray  water  C/T  subsystem. 

Data  given  in  the  form: 

GIST  - If  W NS  (gray  water)  C/r  subsystem  empfoys  an  influent  surge  tank 

O 

ZG  - If  WMS  (gray  water)  C/T  subsystem  does  not  employ  an  influent  surge  tank 
NOTE:  ^Gc/j  **  001  vessel  dependent 

GISTg  is  vessel  dependent 


Sating  (ft) 


Definition  and  Correa  pwiiding  Ratings  for  ZGTD 

(a)  No  significant  effect  of  gray  water  peaks  on  WMS  subsystem 
performance* 

(b)  Effect  of  gray  water  peaks  is  of  short  duration,  with  temporary 
Implications  for  V/MS  subsystem  performance,  easy  to  overcome. 

(c)  Long-term  effect  of  gray  water  peaks,  difficult  to  overcome, 
with  long-term  Implications  for  WMS  subsystem  ■performance. 

(d)  No  ability  of  WMS  subsystem  to  handle  gray  water  p’eaks. 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTO RS/S U BTA CTO RS 
II  - PERFORMANCE 


32  j | Effect  of  low  flow  conditions /long  Idle  times  In  black  water  stream 
f on  WMS  performance 


Ettectlvcncss  Rating  Function 


RWMS=Kfln(RC/T-  MT/^ 


Rating  <$,,) 

t 

100  I — i 

80  * 


Attribute 


R * Rating  for  WMS 

WtaJi 

Rc^.  * Rating  foi  (black  water)  C/T  tubayatem 
K - Rating  for  black  water  T/D  subayttem 
Data  given  la  the  form  (Dot  veael  dependent): 

|C/T  ' Z®T/lj  AtttlbUtC 
Ratlngt 


VtA/d)  ***** 


HOYEt  An  example  of  low  flow  condition  la  when  757«of  tbe 

grew  la  not  on  board  for  a week  and  uaage  rate  by  remaining 

of  crew  la  normal.  — ft.  »,  ua.i 

long  Idle  timea  axe  on  the  order  of  acveral  weeka  of  msd  wms  wms 

virtually  no  uaage  of  WMS,  Anl1-  Con 

Ami,  Anil. 

(Continued)  i t/1  I 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systom/Vessei  Combinations 


WMS 

# 


GALLATIN 

(378') 


VIGOROUS 

(210') 


FIRE  BUSH 

(180') 


PAMLICO 
(1  30’) 


WHITE  SAGE  POINT  HERRON 

(133’)  (82 ') 


• II  - 321 


I 

it-  ■ 

St 

ev 

w: 


\ 

| 


i: 

i 

l 


Definitions  of  2^^,  and 

(a)  No  significant  effect  of  black  water  low  flow  conditions/long  idle 
times  onWMS  subsystem  performance. 

(b)  Effect  of  black  water  low  flow  conditions/long  Idle  times  is  of 
short  duration,  with  temporary  implications  forWMS  subsystem 
performance,  easy  to  overcome. 

(c)  Long-term  effect  of  black  water  low  flow  conditions/long  idle  times, 
difficult  to  overcome,  with  long-term  implications  forWMS  sub- 
system performance . 

(d)  No  ability  of  WMS  subsystem  to  handle  black  water  low  flow 
conditions/long  idle  times. 


* 

I 

V 

i 

/, 

i 

i 

f 

3 


* 

l 

( 


i 

i 

£ 

4 

I 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 


M/E II  . PERFORMANCE  


Effect  of  low  flow  conditions /long  idle  times  In  gray  water  stream  on 
WMS  performance 


Ettectlveness  Rating  Function 


tuang  (*) 


Data  not  vend 
dependent. 


80  I L__. 


10  | 


Attribute 


(a)  No  ilgnlflcant  effect  of  gtay  wiiu  low  flow  condition!  /long  idle 
time*  on  WMS  luhryrtem  performance. 

<b>  Effect  of  gray  water  tow  flow  condition* /Long  idle  tlmea  ti  of 
iltort  duradoo,  with  temporary  Implication*  for  WMS  wbiyitcm 
perform*  occ,  eaiy  to  overcome. 

<e)  Long-term  effect  of  gtay  water  low  flow  condl  donr /long  Idle 
timer,  difficult  to  overcome,  with  long-term  Implication* 
for  WMS  iub«yitem  performance. 

(d)  No  ability  of  WMS  ntbiyitem  to  handle  gtay  water  low  flow 
condition* /long  Idle  dmei. 

NOTES;  (1)  An  ertample  of  low  flow  condition  U when  75H-  of  the  crew  li  not  on  board 
for  a week  and  uiage  rate  by  remaining  2 8" • of  crew  t«  normal. 

Long  Idle  timer  ate  on  tire  order  of  levcral  week!  of  

virtually  no  wage  of  WMS.  Aul.  l0iull-  <*« 

(21  WMS  rating  li  bated  on  the  rating  of  the  gtay  water  — - - — 

T/D  lubayitern,  


Effectiveness  Attribute  Data  and  Ratings  for 


ystem/Vessel 


WrJnHifi-tiEGMBiiil 


WMS II  GALLATIN  VIGOROUS  FIREBUSH  PAMLICO  IWHITE  SAGE  POINT  HERRON 
« (378')  (210’)  (180*)  (160*)  | (133*)  (82') 


Attribute  Data 


N/A  - Not  a viable  tyittm/vewel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUDrACTORS 
M/E II  - PERFORMANCE 


AbtUty  of  black  water  portion  of  WMS  to  handle  additional  personnel 
(on  a long-term  baalH)"' 


Effectiveness  Rating  Function 
Rating  (%) 


R - Min  (R  , RB  ) 

W MS C/T  T/P 


Vr  * R4tlns  **  WMS 

- Rating  far  (black  water)  C/T  subsystem 

^T/P*  black  water  T/D  subsystem  . If  this  subsystem  cmployi  a 

holding  tank  It  receive!  tu  fun  rating  only  If  100?.  of  the  tequlred  tank 
capacity  it  met  by  the  installation  (i.e. , if  HTC  « lOOf.). 

Otherwise.  in  rating  U 0.  “ 

HTC  - f<  of  required  black  water  (oc  sludge)  holding  tank  capacity 


provided  by  InitaUatlon. 


(Continued) 


* Resulting  in  a long  term  tncreaie  in  average  black  water  stream 
hydraulic  loading.  The  ability  of  a WMS  which  employ!  a black 
water  (or  sludge)  holding  tank  to  handle  additional  penonnel  may 
be  determined  by  the  itae  ot  that  tanki  optimum  sizing  cannot 
always  he  provided  on  die  vessel. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systom/Vesse 


MID  WMS  WMS 

Aul.  Intuit.  Cow 

AMI.  Anti. 


WMS 

# 


GALLATIN 

(378*) 


VIGOROUS  FIREBUSH 
(210’)  <180’) 


■KISH 

BH  RK9  BIIRII 


PAMLICO  JWHITE  SAGE  POINT  HERRON 
(160')  1 (133  ’)  (82’) 


y 

lool  3 


/ ,100 


/ ,'*00  30  / ,100 


30 


/ ,100  30 


/ ,100  30 


/ , 100  30 


/ 


/ 


30 1 / ,(00  30  / .1001  30 


jo_ 

N 

30 

N 

_30_ 

N 

30 

N 

100 

N 

100 

N 

a/b,  100  301  / ,1001  30 1 / .100 


/ 

100 

/ ,*.00 

30 

/ 

100 

/ 

30 

/ ,100 

30 

/ 

100 

30 


N A 


N/A  - Not  a viable  system/ vessel  combination 


II  - 331 


II  WMS  black  water  T/D  subsystem 
does  not  employ  a holding  tank. 


II  WMS  black  water  T/D  sub- 
system employs  a holding  tank. 


NOTE: 


2^  . and  Zb_  /_ 
CA  T/D 


are  not  vessel  dependent 


HTCl  Is  vessel  dependent 

D 


Definitions  and  corresponding  ratings  forZ^^,  and  (If  a holding  tank  Is 

not  employed  or  If  a holding  tank  is  employed  and  HTC^  ■ 100%) 


(a)  WMS  black  water  subsystem  will  handle 
additional  personnel  with  little  or  no 
degradation  In  performance , ' 

(b)  WMS  black  water  subsystem  will  handle 
additional  personnel  with  moderately 
degraded,  but  still  barely  acceptable, 
performance . 

(c)  WMS  black  water  subsystem  will  not 
handle  additional  personnel. 


„ -y  « yTyCT-r  “ 


H^.rE«F'- 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  II  - PERFORMANCE 


332  f Ability  of  gray  water  portion  of  WMS  to  handle  additional  personnel  (on  a 
long-term  basis)* 


Ettectlveness  Rating  Function 
Data  given  In  the  form: 

• 1 f WMS  gray  water  T/L>  subsystem  does  not  employ  a Itoldlng  unk 

HTC^  - J f WMS  gray  water  au  bay  item  employi  a holding  tank 

HTC  ' °bot  required  gray  water  (or  aiudge)  holding  tank  capacity  provided  by  Installation. 
8 


NOTE!  1. 


la  not  veael  dependent 


2.  HTC  la  veael  dependent 
g 


(Continued) 


* Rewlflng  In  a long  term  increase  In  average  black  water  atreain  hydraulic 
loading.  The  ability  of  a WMS  which  employa  a gray  water  (or  aiudge)  holding 
unk  to  handle  additional  penonnel  may  be  determined  by  the  rizo  of  dut  tank; 
optimum  sizing  cannot  alwayi  be  provided  on  the  vessel. 


Sot 

ret  0/  DlU  j 

tCD 

WMS 

WUi 

*¥>• 

INUII, 

Coit 

Anil. 

Anal. 

-A 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systqm/Vessel^omblnattens 


Tf 

GALLATIN 

(378') 

VIGOROUS 

(210') 

FIREBUSH 

(180') 

PAMLICO 

(160*) 

WHITE  SAGE 
(133*) 

pointWrron 

(82 

l 

,19 

0 

J 

0 

b,  0 

0 

,55 

0 

,100 

30 

.0 

0 

2 

,18 

0 

,1 

0 

b,  0 

0 

,64 

0 

.100 

_i0 

N 

A 

3 

j3 

0 

N 

A 

b,  12 

0 

,64 

0 

JOO 

30 

N 

A 

4 

,17 

0 

N 

A 

b,  22 

0 

, 64 

0 

,1 00 

30 

N 

A 

S 

N 

A 

N 

A 

b,  100 

30 

,100 

30 

,100 

30 

N 

A 

6 

N 

A 

N 

A 

b,  100 

30 

,100 

30 

,100 

30 

N 

A 

7 

,17 

0 

N 

A 

b,  29 

0 

,64 

0 

,100 

30 

N 

A 

8 

N 

A 

N 

A 

d 

too 

too 

loo 

.N 

,iL 

9 

,21 

0 

.1 

0 

b,  13 

0 

'64 

0 

JOO 

30 

,20 

• 

0 

10 

,21 

0 

,1 

0 

b,  35 

0 

,64 

0 

JOO 

30 

N 

A 

11 

,17 

0 

N 

A 

b,  35 

0 

(64 

0 

JOO 

30 

,20 

0 

12 

N 

A 

N 

A 

b,  100 

30 

,100 

30 

JOO 

30 

N 

A 

13 

- 

N 

A 

N 

A 

a 

100 

100 

100 

N 

A 

14 

(30 

0 

,! 

0 

b,  13 

0 

,64 

0 

JOO 

30 

,20 

0 

15 

,33 

0 

,3 

0 

b,  35 

0 

,64 

0 

,100 

30 

N 

A 

16 

,17 

0 

,1 

0 

b,  35 

0 

,64 

0 

,100 

30 

,20 

0 

17 

N 

A 

N 

A 

cr 

0 

0 

30 

JOO 

,100 

30 

N 

A 

18 

N 

A 

N 

A 

1 _ * 

100 

100 

100 

N 

A 

Attribute  Data- 


Rating 


N/A  • Not  a vlabla  tyttem/venel  combination 


09 


■ l 


& 

it 


■■d— ,n 


i 


I 


i 

i 

-j 


II  - 332 


Definition  and  corresponding  ratings  for  (If  a holding  tank 

employed  or  if  a holding  tank  is  employed  and  HTC  ■ 100%.  If  a 

g 

tank  is  employed  and  HTC  is  less  than  100%,  (c)  applies). 

g 


i 


is  not 
holding 


% 


100  - 


30 


(a)  WMS  gray  water  subsystem  will  handle 
additional  personnel  with  little  or  no 
degradation  in  performance. 

(b)  WMS  gray  water  subsystem  will  handle 
additional  personnel  with  moderately 
degraded,  but  still  barely  acceptable, 
performance . 

(c)  WMS  gray  water  subsystem  will  not  handle 
additional  personnel. 


Attribute 


f 

f ; 

f i 
i 

I * 
f 


r 


i 


90 


Ettoctiwness  Rating  Function 

Rating  (*>) 


R ■ Min  (R  . . R£  _) 
WRB C/T  T/P 


Rwm$  - Rating  for  WMS 


ft*  <bi*ck  water)  C/T  subsystem 
Rating  for  black  water  T/D  subsytem 


Definitions  of  Z„  ^*nd  ZB, 


Data  given  In  the  form  (not  veaael 
dependent): 

jc/r  • ZjBt/d>  Anribute 
Rc/T  • “t/d)  R4an* 


Attribute 


(a)  WMS  black  water  subsystem  can  operate  for 

an  Indefinite  period  of  time.  If  no  component!  fail. 

(b)  WMS  black  water  subsystem  can  operate  for  only  a 
limited  period  of  time,  even  if  no  component!  fail. 

NOTEt  (a)  Applies  to  WMS  black  water  T/D  subeystems 
, with  an  Incinerator. 

(b)  Applies  to  WMS  black  water  T/D  subsystems 
without  an  Incinerator. 


USD  WMS  WMS 

AtuL  tnttall.  Cox 

Anal.  Anal. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS  GALLATIN  VIGOROUS  | FIREBUSH  PAMLICO  WHITE  SAGE  IPOINT  HERRON 
# I!  078')  (210')  I (ISO*)  (160*)  (133')  (82') 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


Attribute  Data 


d,  b 

0 

a,  b 

0 

a,  a 

100 

a,  b 

0 

a,  b 

0 

Oi  b 

n 

a,  a 

100 

a,  a 

100 

'a,  b 

0 

a,  a 

100 

a,  b 

0 

a,  b 

0 

a,  a 

i oo 

a,  b 

0 

a,  a 

100 

a,  b 

0 

a,  b 

0 

a,  a 

100 

N 


N A 


N/A  - Not  a viable  system/ vessel  combination 


'i^¥W^t.ui  -#W>--w,V«-:^<?-^S-/*-«»  :•) 


j1.  *iSiV' 


effectiveness  ratings  for  elementary  factors/su  reactors 
M/H II  - PERFORMANCE 


42  1 Ability  of  gray  water  handling  portion  of  WMS  to  operate  for  sustained  time  periods 


Fttcctlveness  Rating  Function 

Ruing  ffr) 


(*)  WMS  gray  water  tuhayrtem  can  operate  for  Indefinite 
period  of  time,  if  oo  componena  fall, 

(b)  WMS  gray  water  aubayitem  can  operate  for  only  limited 
period  of  time,  even  if  no  component!  fall. 


HOTESi  (1) 


a.  Appllet  to  WMS  gray  water  T/D  tubiyitenu 
with  an  incinerator. 

b,  AppUe*  to  WMS  gray  water  T/D  luhtyttema 
without  an  incinerator. 

(2)  Data  not  veael  dependent.  C 


Attribute 


Souicfi  ol  Pa 
MSP  WMS 

Am).  Luull. 

Am). 

t* 

WMS 

Con 

Am). 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS 

# 


GALLATIN 

(378') 


VIGOROUS 

(210') 


FIRE  BUSH 
(180') 


PAMLICO 

(160') 


WHITE  SAGE  POINT  HERRON 
(133')  (821) 


Attribute  Data  — 


N/A  - Not  a viable  syitem/veael  combination 


i>l  n Ability  of  WMS  to  handle  ground  garbage  In  black  water  stream  * 


Effective1-  ss  Rating  function 


(Uting  pR.) 


lUtlng  for  WMS  ti  bated  on  rating  for  bU.  k water  T/D  subsystems 
ponlon  which  handles  the  ground  garbage  (e.g. , Incinerator  or  holding  tank) 

(a)  WMS  subsystem  will  handle  ground  garbage  In  black  water  stream  on 
on  a long-term  basil. 

(b)  WMS  mtbsystem  will  handle  ground  garbage  in  black  water  stream  on 
at  least  at  * or  t- term  basis. 

(c)  WMS  subsystem  will  not  handle  ground  garbage  In  black  water  stream. 

Data  is  not  vessel  dependent. 

In  some  WMS  configurations  ground  garbage  bypasses  the  (sewage)  C/T 

subsystem  and  instead  is  routed  by  a separate  line  directly  Into 

the  T/D  subsystem  (e.g. , to  holding  tank  or  incinerator).  , " 1 


Attribute 


fCC  of  PiU 

WMS  WMS 

Install.  Con 
Anil.  Anal. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS 

# 


VIGOROUS 

(210‘) 


FIREBUSH 

(180*) 


PAMLICO  IWHITE  SAGE  POINT  HERRON 
(160’)  I (133  *>  (82') 


N/A  - Not  a viable  system/vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBrACTORS 
M/F II  - PERFORMANCE  


52  I Ability  of  WMS  to  handle  foreign  matertaU/objects  * in  black  water  stream 


Ettectlvenoss  Rating  Function 


Rating  ft) 


- Ratlig  for  WMS 


R - Rating  foe  (black  water)  C/T  subsystem 

W l 

kflT/p  - Rating  foe  black  water  T/D  tubsystem 


(Continued) 


Example*: 


Attrlbuta 


Long,  narrow  objects  (pens,  pencil*,  toothpick*,  etc.). 

Small  hard  object*  (nut  tftelli;  pull  tab  from  flip  top 
can.  bottle  cap*,  paper  clip*,  coin*,  nuu/bolit/ 
actcwi/ nails,  cufflink*,  etc.). 

Largo  10 ft  object*  (paper  towels,  newspaper  page, 
stiff  and  thlny  magazine  page,  suing*  from  a 
floor  mop,  tag.  tampons,  and  sanitary  napkins,  etc.). 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS  II  GALLATIN 
# H (3  V 8 * ) 


FIREBUSH  PAMLICO  IWHITE  SAGE  POINT  HERRON 
(180')  (160‘)  I (133*)  (82*) 


Attribute  Data- 


N/A  - Not  a viable  syitem/vessel  combination 


II  - 52 


Data  given  In  the  form  (not  vessel  dependent); 

Attribute 


T/D 


|C/T'  Z,B' 
RC/T*  %/D 


) 

) 


Ratings 


Definitions  of  Z^,^,  and  ZBT/D 


(a)  WMS  subsystem  will  handle  foreign  materials/objects  In  black  water 
stream  on  a long-term  basis. 

(b)  WMS  subsystem  will  handle  foreign  materials/objects  in  black  water 
stream  on  at  least  a short-term  basis. 

(c)  WMS  subsystem  will  not  handle  foreign  materials/objects  in  black 
water  stream. 


S3  ' Ability  of  WMS  to  handle  detergents/surfactants  In  black  water  stream 


l'ltcctivcncsn  Rviting  Function 


lWMin(Rc/r  V1 


Rating  f.o) 


- Rating  foe  WMS 


Dau  giveu  In  the  form  (not  vessej 
dependant}: 


R,  - Rating  for  (black  water)  C/T  subaystera  __  \ 

C/T  ?c/r  • Pt/d-' 


RB^,^-  Rating  for  black  water  T/D  subsystem 


r i 


rc/t  ■ ^t/d) 


' Deftnltionj  of  2^^,  and 


Attribute 


(a)  *v  SCt  subryiterrc  wtU  handle  detergents  /surfactants  In  black 
water  stream  on  a long-term  basis. 

(b)  WMS  subsystem  will  handle  detergents/surfactants  In  black 

water  stream  ou  at  least  a short-term  basis.  r^,-V~iT~u. 

. . ...  , , MSD  WMS  I WMS~ 

(c)  WMS  subsystem  will  not  handle  detergents/surfactants  AnJ,  liuu||  Cot( 

in  black  water  stream.  Alul.  ’ Aniti 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combination 


WMS  GALLATIN  VIGOROUS  F1REBUSH  PAMLICO  WHITE  SAGE  POINT  HERRON 
# (3  7 8 ")  (210’)  (180’)  (1 60’)  (133’)  (32 ') 


Attribute  Data— * 


Rating 


N/A  - Not  a viable  system/ vessel  combination 


i:rri;CTivi;i\ii:.ss  ratings  tor  i'i.kmtntary  facto  ks/s u hfactors 


M/r. 


II  - PERFORMANCE 


54 


Ability  of  WMS  to  handle  toxic  materials  In  black  water  stream 


Ettectivcness  Rating  Function 
Rating  (7») 


R ■ Min  (R  . , RB  , ) 

%/MS  'c/l  T/P 


100 


Attribute 


* Rating  for  WMS 

Rc^,  * Rating  for  (black  water)  C/T  subsystem 

RBt/d-  Rating  for  black  water  T/D  subsystem 

Definitions  of  Z and  ZB_  . 

C/T T/D 

(a)  WMS  subsystem  will  handle  toxic  material)  in 
black  water  stream  on  a long-term  basis. 

(b)  WMS  subsystem  will  handle  toxic  materials  in 
black  water  stream  on  at  least  a short-term 
basis. 

(c)  WMS  subsystem  will  not  handle  toxic 
materials  In  black  water  stream. 


Data  given  In  the  form  (not  vessel  dependent): 

Z . Z!i  . 'S  Attribute 
| C/T  a T/D  J 


r i 

*C/T  1 “T/d)  **** 


I SouKe  of  Data  1 

MSD 

Arul, 

WHS 

Ir.iull. 

Anal. 

WMS 

Com 

Ana'. 

V 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS 

al 

TT 

GALLATIN 

(378') 

VIGOROUS 

(210*) 

FIRE  BUSH 
(180*) 

PAMLICO 

(160*) 

mBBStm 

POINT  HERRON 
(82  *) 

1 

a .a 

M 

2 

a,  a 

100 

N 

A 

3 

N 

A 

a , a 

100 

■ 

N 

A 

in 

■ 

N 

A 

a , a 

100 

■ 

N 

A 

5 

N 

5 

N 

A 

a , a 

lOO 

■ 

N 

A 

6 

N 

A 

N 

A 

a .a 

[00 

■ 

N 

A 

M' 

N 

A 

a, a 

10  0 

N 

□ 

8 

N 

A 

N 

A 

a,  a 

100 

N 

m 

9 

a,  a 

ioo 

10 

a,  a 

100 

N 

A 

11 

N 

A 

a, a 

100 

12 

N 

A 

N 

A 

a, a 

100 

■ 

N 

A 

13 

N 

A 

N 

9 

a,  a 

100 

■ 

N 

A 

14 

■ 

i 

a.  a 

100 

15 

■ 

a,  a 

100 

N 

A 

16 

■ 

a,  a 

IOO 

1 17 

N 

D 

N 

A 

a,  a 

100 

N 

A 

18 

N 

a 

N 

A 

a,  a 

100 



N 

m 

Attribute  Data- 


Rating 


'N/A  - Not  a viable  system/ vessel  combination 
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'^IWjMtltli;^  WWB^i^npwwiwww  taw  «ws>  waaiiipaHiiuirM  wa . 


EFFECTIVENESS  RATINGS  FOR  CLCMLi.lAKY  FACTORS/SUBFACTORS 
M/E  II  - PERFORMANCE 


1 Ability  of  WMS  secondary  emissions  to  meet  applicable  standards  for  the 
discharge  of  air  pollutants 


Ettectlve.tcss  Rating  Function 


Rating  CM 

i 

m 


V«'M*(*C'T'“T/D-  KT/d’ 


so 


R,  , - Rating  for  W MS 
WMS  ** 


Data  given  In  the  fotin  (not  ve*»*l  depv«de>.t) 
|C/T'  jGT/D’  jGT/D)AndbU“ 

Rc/r  Wr/D-  rgt/d>  "“"w 


.A  ml  but* 


Rc^t  - Rating  fct  (black  water)  C/T  subsystem 
RB.r/,D*  Rating  tot  black  water  T/D  subsystem 
RCt/d-  Rating  l*31  gray  water  T/D  subsystem 

Deftnldom  of  Z , , ZB  ZG 

C/T  C/T  T/D 

(t ; NO  poasiblllty  of  discharge  of  significant  alt  pollutants  from  WMS  subsystem, 

(b)  W MS  subsystem  will  meet  standards  under  uormal  operating 
conditions  and  U likely  to  continue  to  meet  them  under 
unusual  operating  conditions, 

(c)  WMS  subsystem  will  meet  standard!  under  normal  operating 
conditions  and  there  is  a strong  possibility  of  non-confor- 
mancc.ro  standards  under,  unusual  operating  cojjrfidaKr 


iou 

ms  of  Dili  J 

MSO 

AntL 

WMS 

inutile 

Anti. 

WMS 

Cow 

Anil. 

zzz 

. 

Effectiveness  Attribute  Data  and  Ratings  ifor  Viable  Systqm/Ves's'tiT  Combinations' 


WMS  I 

GALLATIN 

(378*) 

VIGOROUS 

(210') 

FIREBUSH 

(180') 

FAMLICO 

(160*) 

WHITE  SAGE 
(133*) 

POINT  HERRON 
(82  •) 

— 

1 

a,  a,  a 

100 

— 

2 

a,  a.  a 

100 

N 

A 

3 

N 

A 

a.  b,  a 

30 

N 

A 

4 

N 

A 

a,  a,  a 

100 

N 

A 

5 

N 

A 

N 

A 

a,  a,  a 

100 

N 

A 

6 

N 

A 

N 

A 

a,  a,  a 

10  G 

N 

A 

7 

N 

A 

a,  b,  a 

30 

N 

A 

8 

N 

A 

N 

A 

a,  b,  b 

?9 

N 

A 

9 

• 

a,  a,  a 

100 

10 

a,  b,  a 

30 

N 

A 

11 

N 

A 

a,  a,  a 

100 

12 

N 

A 

N 

A 

a,  a,  a 

100 

N 

A 

13 

N 

A 

N 

A 

a,  b,b 

30 

N 

A 

14 

a,  ct,  a 

100 

15 

a,  b,  a 

30 

N 

A 

16 

a.  afa 

100 

17 

N 

A 

N 

A 

a,  a.i  a 

100 

N 

A 

18 

N 

A 

N 

A 

-*-jj  j?..,.,, 

30 

N 

A 

-TZ'WW  1454-  - j 


Attribute  Data 


Rating 


N/A  - Not  a triable  system/vesiel  combination 
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EFFECTIVENESS  RATINGS' FOR  ELEMENTARY  FAC'i'ORS/SUBrACTORS 
M /C II  - PERFORMANCE 


WMS  potential  for  producing  oil  contaminated  residues  at  sea 


Ettcctlvcness  Rating  Function  | » Min  (R^.  kbt/[).  rgt/w>  | 

Rating  flo) 


" Rating  for  WMS  Dau  given  In  the  form  (not  vessel  dependent) 

R . - Rating  fot  (black  water)  C/T  wbtyitem 

v/T  Z . , ZB_  2 

iC/T  I T/D  « 

RB_, . - Rating  for  black  water  T/D  tubryitem  III 

TfD  Rc/T'  “'t/d-  Ri 

RG.^-  Rating  tot  gray  water  T/D  tubaystcni  C'T  'D 


|C/T‘  fBT/D-  fGT/D)A,trib0,e 


rc/t‘  “t/d-  rgt/d) 


Definition!  of  Z, 


zbt/d'  2Gt/ 


(a)  WMS  lubayttem  has  no  potential  for  producing  oil* 
contaminated  residues  at  tea . 

(b)  WMS  hat  a potential  for  producing  oil -contaminated 
residues  at  tea. 


Source  of  Data 
MSD  WM5~  I V;.IS 

Anal,  imtall.  Con 

Anal.  Aral. 


WMS 

# 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systqm/Vessel  Combinations 

GALLATIN 

(378’) 

VIGOROUS 

(210') 

FIRE  BUSH 
(180') 

PAMLICO 

(160*) 

WHITE  SAGE 
(133') 

POINT  HERRON 
(82*) 

Attribute  Data- 


"Rating 


N/A  • ‘.'lot  a viable  tyitem/ vessel  combination 


it1*- it i-rt ■>  t !Mj.«»M-t 


,v  *■  ' 


effectiveness  ratings  for  r.  momentary  factors/s u rfactors 

M/H  II  - PERFORMANCE 


Performance  risk  for  black  water  handling  portion  of  WMS 


R,Cfy  - 100 --~i-(PR  - 3)  I 3i  PR<  48 


l'ttcctlvcness  Rating  Function 

Rating  Cw) 


PH  ‘C  *H 
H =2IL, 


c/r  + mt/d 


RjC’jt)  - Rating  fb)  of  i viable  candidate  WMS  (independent  of  vettel) 

O. 

Ht  - Performance  rlik  factor  of  i viable  candidate  WMS  (independent 
of  veaie!)  due  to  configuration  type  and  teit  hlitocy 
C - WMS  configuration  Index 

H - Hlitcry  Index  for  WMS 

H - HUtory  index  for  WMS  (black  water)  C/T  tubtyitent 


Hjyp  - Hlttory  index  fct  WMS  black  water  T/D  lubtyttem 

M » Maximum  poulble  value  of  PR  - 4(2*4  *4)  - 48 

N * Minimum  value  of  PR  = 1(2x1  *1)  - 3 


(Continued) 




MSD  T WMS  WMS 
j Aiut.  I uuiiU.  Com 
! Ansi.  Anil. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systgm/Vessel  Combinations 


PAMLICO  IWHITE  SAGE  POINT  HERRON] 
(160‘)  | (133*)  (82*)  j 


WMS 

GALLATIN 

VIGOROUS 

FIRE  BUSH 

# 

(378*) 

(210*) 

(ISO’) 

18 


Attribute  Data 


N/A  - Not  a viable  lyitern/veaael  combination 


II  - 71 


definition  and  values  for  C 


(a)  WMS  black  water  handling  configuration  Is  not  a hybrid  (C  - 1) 

(b)  WMS  black  water  handling  configuration  Is  a hybrid  but  no  serious 
performance  or  Interface  problems  are  anticipated  (C  ■ 2) 

(c)  WMS  black  water  configuration  la  a hybrid  and  there  are  uncertainlttes 
about  Its  performance  and/or  the  success  of  Integrating  the  hybrid  (i.e., 
providing  the  necessary  Interfaces  between  equipments/subsystems  of 
different  MSDs)  (C  - 4) 


C Applies  to  WMS  No. 
a I.  3*,  6,  7,  8.  10*,  lb* 
b 2.  4.  S.  9.  12.  14.  17 
c|  11*,  13*+,  IS**.  18** 

* Ability  to  handle  garbage  slurry 
uncertain. 

+ Performance  and  Integration 
uncertain. 

Definition  and  values  for  H„  /_  flnd  H 

CA T/D 

(a)  WMS  black  water  subsystem  has  a history  of  fair  or  better  test  results 
<HCA°rHT/D-1>- 

(b)  WMS  black  water  subsystem  has  a history  of  poor  test  results 

<hca  or  ht/d  ' 41  ■ 

(c)  No  test  results  are  available  for  the  MSD  black  water  subsystem 

<HCA  « ht/d  " 31  • 

Data  given  In  the  form  (not  vessel  dependent): 


C/HCA’  HT/L) 


effectiveness  ratings  tor  elementary  factors/su  reactors 


M/r, II  - PERFORMANCE 

72  | Performance  risk  for  gray  water  handling  portion  of  WMS 


Ettcctivanoss  Rating  Function 

Rating  (>?i) 


M * 16 


» too  - ~2  (PK  - 1)  iSprSxg 

m *c*h 

* Rating  CTv)  of  1th  viable  candidate  WMS  (Independent  of  venel) 

PR  • Performance  tick  factor  of  l^t  candidate  WMS  (Independent 
of  venel)  due  to  configuration  type  and  teat  hlitory 

C • WMS  configuration  type  Index 

H - Hlitory  index  for  WMS  gray  water  Treatment/DHpotal 
lubtyitem 

M - Maximum  pouibie  value  of  PK  » 4 (4)  ~ 16 

N - Minimum  value  of  PR  * 1 (1)  “ 1 


Siyvs-aLlM* 

MM)  WMS  WMS 

Xrul,  Intuit,  Coil 

Anil.  Anil. 


Effectiveness 
WMS  1]  GALLATIN 
* 1 (378') 


(Continued) 

Systqm/Vessel 


N A 
N A 

N A 


N A 
N A 


_N__A 

N A 


VIGOROUS 

(210*) 

FIRE  BUSH 
(180') 

PAMLICO 

(160') 

WHITE  SAGE 
(133') 

aj  a 

100 

at  a 

100 

N 

A 

a/  a 

'05 

N 

A 

al  a 

IQO 

N 

A 

b/  b 

53 

N 

f\ 

b/  b 

53 

N 

A 

a/  a 

loo 

N 

A 

a/b 

80 

ala 

100 

oi/a 

100 

N 

A 

a/a 

100 

N 

A 

b/  b 

.53 

N 

A 

c/b 

0 

a/  a 

too 

a/a 

100 

— 

a/ a 

'50 

N 

A 

b / b 

53 

N 

A 

c l b 

0 

omblnatlons 
eIpoint  HEJ 
(82') 


Attribute  Deta- 


N/A  - Not  a viable  tynem/vesael  combination 


(a)  WMS  gray  water  handling  configuration  is  not  a hybrid  (C  ■ 1) 

(b)  WMS  gray  water  handling  configuration  is  a hybrid  but  no  serious 
performance  or  Interface  problems  are  anticipated  (C  » 2) 

(c)  WMS  gray  water  handling  configuration  is  a hybrid  and  there  are 
uncertainities  about  its  performance  and/or  the  success  of  integrating  the 
hybrid  (i.e.(  providing  the  necessary  interfaces  between  equipments/ 
subsystems  of  different  MSDs)  (C  - 4) 


_c 

Applies  to  WMS  No. 

a 

1,  2,  3.  4,  7,  8.  9. 
10,__11,  14,  IS,  16 

b 

5.  6.  12.  17 

c 

13*.  18* 

* Black  water  stream  fed  to 
sludge  incinerator. 

Definition  and  values  for  H 

(a)  WMS  gray  water  subsystem  has  a history  of  fair  or  better  teat  results 
(H  - 1) 


(b)  WMS  gray  water  subsystem  has  a history  of  poor  test  results  (H  * 4} 

(c)  No  test  results  are  available  for  the  WMS  gray  water  subsystem  (H  ■ 3) 


Data  given  in  the  form  (not  vessel  dependent): 


«W»  «mjMW?y  -Xtt&T&k 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E III  . OPERABILITY 


11  | Degree  of  automation  for  WMS  operation 


Ettectiveness  Rating  Function 

Rating  ffa 


A 

b 

c 

d 

■£-1 

- Rating  for  W MS. 

* Rating  foe  (black  water)  C/T  tubayatem 
RB^^  ' Rating  for  black  water  T/D  tubayatem 
RGt^d  - Rating  for  gtay  water  T/D  tubayatem 
Data  given  in  (he  form  (not  veaael  dependent): 
fc/T'  fBT/D'  IGT/d)  Attrtbu” 


Fc/T'  jZBt/d'  |gt/d 

«L.,  . RG_  . > 


Attribute 


feC/T‘  ^T/D'  RGT/D> 

(Continued) 


WMS  WMS 
Install,  Co* 
AfUl,  Aflll 


GALLATIN 

VIGOROUS 

FIREBUSH  ( 

PAMLICO 

WHITE  SAGE 

POINT  HERRON 

(378*) 

(210’) 

(1 80*)  I 

U60*) 

(133') 

(82*) 

Attribute  Dau 


N/A  - Not  • viable  ayatem/venel  combination 


Ill  - 11 


Definition  ofZ^,  ZBT/D»  2GT/p 

(a)  WMS  subsystem  Is  almost  fully  automatic. 

(b)  WMS  subsystem  is  semi-automatic: 
requires  infrequent  operator  attention.  • 

(c)  WMS  subsystem  is  semi-automatic: 
requires  moderate  degree  of  operator 
attention. 

(d)  WMS  subsystem  is  semi-automatic: 
requires  frequent  operator  attention, 

(e)  WMS  subsystem  is  operated  manually. 


? 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E III  - OPERABILITY 


12  ] Ease  of  disposal  of  WMS  resldue(sl* 


Effectiveness  Rating  Function  ~ Mln 

^ Rvms  ' p'4dI18  fcc  WMS 

R - Rating  foe  (black  water)  C/T  i ub  system 
a C/T 

100  ^X/D  ’ Ra!*n8  for  black  water  T/D  subsystem 

^t/d  " R4tin8 fat  watet  T/D  *ub*y*tera 

(Continued) 

* Residue  Is  any  by-product  of  normal  WMS 
b operation,  disposal  of  which  is  a regular 


■SvMS^^C/T-^T/D’^T/rP 


operating  task.  Examples  art  ash  pro- 
duced by  an  incinerator,  seal  water  used 
by  JERED  vacuum  pumps,  evaporator 
residue,  sludge  or  wastewater  held  In  a 
tank,  etc. 

NOTE:  Length  of  time  required  for  disposal  is  the  main  factor  In 
1 ■“  determining  the  rating;  other  factors  are  ease  of  access  to  area 
of  WMS  containing  the  residue,  amount  of  residue  to  be  dis- 
posed of,  and  ease  of  storing  residue  on  board  or  taking  it  off 


tourei  of  Dm 
msd  wits  (“  WMS 

I Aul.  Insult.  Co* 

Anil.  Anil. 


nectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


GALLATIN  I VIGOROUS  FIREBUSH  PAMLICO  {WHITE  SAGE 

(378*)  I (210*)  (180*)  (160*)  | (133*) 


■ 

mm 

40 

0,b,b  1 

40 

A 

!■ 

40 

A 

a,b,b 

40 

mam 

40 

in. 

0,b,b 

40 

A 

Q,b.b 

40 

A 

a.b.b 

40 

b.b.b 

40 

b,b,b 

40 

in 

b,b,b 

40 

k 

b,  b,  b 

40 

I 

E 

40 

40 

Q,b,b 

40 

d,b,  b 

40 

A 

dib,b 

40 

mem 

40 

M/A  • Hot  a viable  system/ vessel  combination 


Ill  - 12 

Data  given  In  the  form  (not  vessel  dependent): 
jc A • i:BT/D  ' zgt/d}  Attrlbu” 

Rc/r  • RVt>  ’ rgt/d}  Ratlnas 


Definitions  of  zcA'  zbt/d-  ^T/D 


(a)  WMS  subsystem  has  no  residues,  or  disposal  of  residue  is  very 
convenient. 

(b)  Disposal  of  residue  from  WMS  subsystem  Is  moderately  convenient. 

(c)  Disposal  of  residue  from  WMS  subsystem  In  inconvenient. 


4 


i 

1 


i 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  III  - OPERABILITY 


13  I Ease  of  WMS  mode  changeovers*(relatlval 


Etiectiveness  Rating  Function 

Rating  fife) 


Riv(T«)  = too  - lOO^fi  0 < <1.0 


Rivfifc)  - Rating  f£>)  of  i1*1  viable  candidate  WMS  on  veatel  v 

MCj  - Annual  man-hourj**for  mode  changeovert  for  1th  viable 
candidate  WMS  on  veatel  v baaed  on  projected  WMS 
utilization 

My  - Maximum  value  of  MCj  fot  all  viable  WMS  candiate 
for  a given  veaael 


* Primary  to  overboard  diacharge  mode  cycle/plenide 
to  primary  mode  cycle. 


* * Baaed  on  the  number  of  annual  mode  changeoven 
for  veaael. 


MCi 

iooTir 


l£aa  sa  p*u 

MSD  WMS  I WMS 

Aa*L  laault.  Con 
Anal.  Anal. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


WMSH  GALLATIN  VIGOROUS  I FIREBUSH  | PAMLICO 

# fl  (378*)  (210')  I (180')  I (160'I 


Attribute  Data 


N/A  - Not  a viabla  tystetn/vcael  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 

III  - OPERABILITY 


Likelihood  of  violating  effluent  standards  because  of  procedural  errors 
In  WMS  operation 


Ettcctlvcness  Rating  Function 

Rating  ffr)  □ 


■ * MU  (7.  , KB  , KG  ) 

WM S fC/T  T/P  t/u 


80 


Rating  f«  WMS 

R . • Rating  for  (black  water) 

C/T  rubryttem 

RB  - Rating  for  black  water 
T/D  subryitem 

RGT/rf  Ratlllg  fot  w*ter 
T/D  subsystem 


no 1 


Data  given  In  the  format  vessel  dependent); 

|c/t-  |bt/d*  ^GT/D)Aralbu“ 
rc/t  • “T/n  1 RGt/d)  "■“‘W 


* By  dumping  overboard  effueat  which  doesn't  meet  Top^PvmsHT 

— Li ^ standards,  ilush  oil.  evaporator  residue,  air  pollutants  Ami.  imuu. 

Attribute  from  incinerator,  etc.  — , _*Ki: 

(Continued)  l-r.J L 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


_ Source  of  Data 
MSDpWMS  r WMJ 
Anal.  imuiu  Co« 
Anal.  Anal. 


WMSH  GALLATIN 
# II  (378*) 


VIGOROUS 

FIRE  BUSH 

1 PAMLICO 

IWHITE  SAGE 

(210') 

(180*) 

(160*) 

(133*) 

Attribute  Data 


N/A  - Not  a viable  tyrtem/vessel  combination 


Ill  - 14 


Deflations  of  Zc/r>  ZBT/p,  ZGT/p 

(a)  There  is  virtually  no  chance  of  violating  effluent  standards  because 
of  procedural  errors , 

(b)  There  is  a low  likelihood  of  violating  effluent  standards  because  of 
procedural  error  InWMS  operation. 

(c)  There  is  fair  to  moderate  chance  of  violating  effluent  standards  because 
of  procedural  error  in  WMS  operation. 

(d)  There  is  a high  likelihood  of  violating  standards  because  of  procedural 
error  in  WMS  operation. 


i 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/S UBFACTORS 
M/E III  - OPERABILITY 


21  I Frequency  of  WMS  operator  attention  required  (relative) 


Ettectiveness  Rating  Function  R ^ 

Rating  f?>)  — — . , “ 

, , Periodicity  (l)  V ' 

TOM  \ 

100  “ V 24  (Dally)  365  Z , 

\ J - All  operator  action 

\ _»L(.Weekly)  52 

\ 730  (Monthly) 12  R - Racing  (Vo)  of  I 

\ 8. 760  (Annually)  1 r 


VI 

R.  Oft)  = 100  - 100  — 
iv'  ' M 

r T - 

0STT  sl,° 

V 

V 

V*  

— i th 

J - All  operator  actions  for  1 viable  candidate  WMS  on 
vessel  v 

th 

Rivm  - Racing  f/o)  of  i viable  candidate  WMS  on  vessel  v 

Fj  * Annual  number  of  WMS  operator  actions 

fj  - Number  of  WMS  operator  actions  at  J^1  periodicity 

th 

Wj  - Penalty  of  weight  for  j periodicity  of  operator  actions 


M - Maximum  value  of  Ft  for  all 
v 

viable  WMS  candidates  for  a 
given  vessel  v 


' Source  of  », 

MSD  I WM5  1 MS 
AaiU  Inautt,.  Coir 
Anal,  j Anil. 


Effectiveness  Attribute  Data 


WMS 

# 


GALLATIN 

(378*) 


VIGOROUS 

(210') 


and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


PAMLICO  (WHITE  SAGE  POINT  HERRON 
(160*)  I (133')  (82') 


1460  91 


2963  82 


2361  st 


4716  71 


N 


N 


4370  1 73 


N 


16,  177 


16,  305 


730 


12.31  86 


N 


N 


N 


N 


N 


N 


730 

■■ 

83 

U31 

71 

918 

7S> 

2358 

44 

1993 

53 

1993 

53 

2133 

50 

1768 

58 

2667 

38 

2422 

43 

2371 

44 

1 mm 

0 

3635 

13 

730 

83 

505 

88 

485 

89 

2358 

44 

1768 

58 

730  $0 


1231  67 


EFFECTIVENESS  EATINGS  FOR  ELEMENTARY  FACTORS/SUBrACTQRS 
M/E III  - OPERABILITY 

22  J Number  of  man-hours  of  operator  attention  for  W MS  (relative) 

I - -'■■■- L-  '--=-■===  =S===p - — 

Etiecttvonoss  Rating  Function  • 100  - ioo_l L i^i.o 

„ „ My  My 

Rating  f T»)  — ... ——l - 

i l 

irKi  RjyCft)  - Rating  fk)  of  l,n  viable  candidate  WMS  on  veasel  v 

KMHj  - Annual  operator  man-hour*  required  foe  I*  viable 

candidate  WMS  on  venel  v bated  on  projected 
WMS  utilization. 

My  - Maximum  value  of  MHj  for  all  viable  WMS  candidate* 
on  a given  veucl  v. 


M3D  WMS  WMS 

Aft*l,  Ifliull.  Curt 

Anal,  Anal, 


fectlvenesa  AttriEute  Data  and  Ha  tings  "for' vTaBle  'Syst^rn/Vessef Combination^ 


WMS 

# 


GALLATIN  I VIGOROUS  1 FIRE  BUSH 


1 

40.  ..... 

91 

2 

237 

... 

46 

3 

226 

47 

4 

67 

64 

5 

N 

l_a 

6 

N 

A 

7 

60 

86 

8 

N 

A 

9 

406 

5 

10 

419 

2 

11 

i.HJ) 

0 

12 

N 

A 

13 

N 

A 

14 

— 2h2l— — 

1L 

(210') 

(180') 

15 

94 

A3 

65 

65 

137 

.J1  _ M_Jj 

N A 


N A j 233 
_N  A V ('249 
N A 234 

__.il 

SL  129 

87  (21 

N A 137 


PAMLICO 
(160')  

49  [ 65 

123 |3_ 

106  1 25 

31  43 

62  __  56 

62  56 

71  50 

52  63 

122 M_ 

112  21 
82  <2 
M42n;  0 

113 20 

65  54 

54  62 

65  61 

—14 1L 

55  61 


IWHITE  SAGE  (POINT  HERRON 


(133') 

129 

134 

87 

79 

8? 

83 

76 

ISO 

U3 
143 
: is£ 

I 43 
90 
86 
66 
97 
66 


(82') 

24 


Attribute ! 


N/A  ••  Mot  a viable  lyi'em/voitel  combination 


^0- 


■//-T»'+«y|-  yy 


EFFECTIVENESS  RATINGS  FOR  CLEMENTARY  l'A CTO RS/S U BFA CTO RS 
M/C  III  - OPERA BILITY 


23 


Skill  level  requirements  for  operators  of  WMS 


Cttcctlvoncss  Paling  Function 


Xjunj?  (TO 

A 


RjCT.)  = 100  fi  > 


too 


1Brn  11  C*">fUL« 

nv  (mV 

Ik/T  I1WYL 

T/v  wtqwrt 

! 

1 i 

Wl* 

Ml. 

wi*  HoM 
riii 

. ,4~  ~ 

_i 

i 

w«n 

Ma. 

Mf*  K4M 

f«6* 

"..i— .. 

j 

laiB— 

=±_ 

-i 

CI  J 2 Cl 


C/T 


CtB„.  + CIG  _ 

i/o  t /n 


r OS,)  =■  Rating  f£)  of  Ith  viable  candidate  WMS  (independent  of  vwael) 


a 


ac/T 


a b 


T/D 


N « 4 


M -30 


• ('I 


• Complexity  index  of  viable  WMS  candidate 
(independent  of  vend) 

• Complexity  Index  of  WMS  (black  water)  Collection/ 
Traiuport  tu baystem  bated  on  a complexity  ranking. 

Complexity  Index  of  WHS  black  water  Treatment/ 
Ditpctal  lubiyttem  bated  on  a complexity  ranking, 

• Complexity  index  of  WMS  gray  water  Treatment/ 
Disposal  tuniyttctn  bated  on  a complexity  ranking. 

- Maximum  value  of  CI  for  any  WMS  (Independent  veiiel) 
2 (f>)  • 5 t 5 = 20 

N ••  Minimum  value  of  Cl  • 2(1)  t 1 i 1 H 
Para  given  in  the  form  (not  vouel  dependent): 


CIG 


M 


T/D 


ci .....  cis  . . c:k; 

c./i  r/n  t/d 


Aul. 

WHS 

iMMlt, 

Anai. 

U. 

wsri 

Cm( 

Anil 

. \7 

"Etfectlvenoss  Attribute  Data  ancTilatlngs  for  VlaBre^yistem/^/eBse]  Combinations 


WMS 

GALLATIN  ] 

vigorousH 

ITREBUSH 

PAMLIOf 

D 

WHITE  SAGE 

POINT  HERRON 

# 

1378') 

(210') 

(180') 

(160*) 

(133  *) 

(8?.*) 

1 

i A.  1 

2 

.1, 3r.l.  . 

N 

A 

3 

N 

A 

\4A  .. . 

N 

A 

4 

N 

A 

2.5.1 

N 

A 

5 

N 

A 

N 

A 

2r5.5  

N 

A 

6 

N 

A 

INI 

A 

1.L5 

N 

A 

7 

N 

*i 

J 

1AJ.  _ 

N 

A 

8 

N 

A 

N 

A 

2.S  5 

M 

" “ 

A 

9 

5.  1.  i _ 

10 

5,5.1  . 

N 

A 

11 

N 

A 

5.  2.1 

12 

N 

A 

N 

A 

5,1,5  . 

N 

A 

13 

N 

A 

N 

A 

5,  5,  5 

N 

A 

14 

4.1,1 

IS 

-HJ 

N 

A 

aj*. 

4.2.1  ..... 

17 

N 

A 

N 

A 

■UJ.  ..... 

N 

A 

a 3 

N 

A 

N 

L*_ 

4,  5,5 

N 

A 

AniibumOau- 


ftatlng 


N/A  - Hot  a viable  ryitem/vwm)  combination 


113 


r:l 


m 


m i 

m . j 


■ b7. 

Y/I 

r.i 

it 


2$ 


iinaw  » « i,c 


ibi  mitt—  unifii*' 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E III  - OPERABILITY 


Training  requirements  (or  operators  of  WMS 


Ettectlveness  Rating  Function 


3Udng  (To 

A 


| RjCft)  ■ ■ 


• (Cl  - 4)  I 4 — Cl  £.20 


is  RAsa 


C!  * 2 Cl . .+  CIS  f CIG„ 

C/T  T/D  T/Tl 

R^)  ■ Rating  (TO  of  l*  vUbl*  candidate  WMS  (independent  of  veteel) 

Cl  •>  Complexity  index  of  l*  viable  WMS  candidate 
(Independent  of  veaacl) 

Cl  T » Complexity  index  of  VMS  (black  water)  Collection; 

Traoaport  tubtyttem  bated  on  a complexity  ranking. 
Q*t/d  - Complexity  index  of  WMS  black  water  Treatment/ 
Dirpotal  lubiyttem  bated  on  a complexity  ranking. 

CIGT  ,D  - Complexity  index  of  WMS  gray  water  Treatment/ 

Ditpotal  tubiyttem  bated  on  a complexity  ranking. 

M - Maximum  value  of  Cl  for  any  WMS  (Independent  vcuel)  » 
2 (?)  ♦ 5 + 5 ■ 20 

N - Minimum  value  of  Cl  ■ 2(1)  + 1+1*4 
Cl  Data  given  in  the  form  (not  veatel  dependent): 


MID 

VMS 

VMS 

AMU 

YaauU. 

Con 

AfUl. 

Anil 

ectlvoness  Attribute  Data  and  Ratings  for  ViableSyGtem/Vassel  Combinations 


WMS  GALLATIN  VIGOROUS  FIREBUSH  I PAMLICO  IWHITE  SAGE  IPOINT  HERRON 
# (3781)  (210')  (180‘)  I (160‘)  | (133*)  | (82') 


Attribute  Data- 


M/A  - Not  a viable  tyitem/vetael  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 


M/E 


III  - OPERABILITY 


25 


Effect  of  WMS  operation  on  vessel  work  routihes/schedules 


Ettectlveness  Rating  Function 
Rating  r») 

A 


100 


(•)  WMS  operation  hat  minimal  or  no  affect  on  work  routine* /ached  ulirg. 

(b)  Effect  of  WMS  operation  on  work  routine*/ schedules  It  mote 
than  minimal  [t.e.,  U moderate  or  extend ve). 

NOTH:  fly  C.Cr.  direction,  (a}  Applies  to  all  WMS  considered 
in  this  ivudy. 


Attribute 


til  ■if  Dali 

NOD 

AiuL 

WNO 

ImuII. 

Arul, 

WM3 

C <m 

Anti. 

EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  HI  - OPERABILITY 


26 


Additional  personnel  (billets)  requirements  for  WMS  operation 


Ettectlveness  Rating  Function 
Rating  Cft) 


(a)  No  additional  billet*  are  required.  WMS  operation  requires 
less  than  8 houri/ day  of  operator  attention. 

<b)  One  or  mote  additional  billets  ate  requited.  WMS  operator 
requires  H hourj/day  or  more  of  operator  attention. 

B - Annual  man-hours  * requited  for  opera  ling  lt»t  viable  candidate  WMS  on  vesto.’  v 
" ~0B0 

If  B — 3.  choose  b 
If  B < 1,  choose  a 


’•  Based  or.  project  WMS  utilization  factor. 


Attribute 


att  vfOiTI  "*■  " 1 

MSD 

Am1. 

tons 

tniull. 

AftJl. 

WMS 

Co* 

Anal, 

izz 

Effectiveness  MtriEuto  DJta  and  Ratings  £6r  Viable  Sys  tqnv^/ e s s e 1 Combinations 

— ■— ■-  ■■■*  — in  — % — ■»  !■»■■■■  !■■■■  — ■ ■ - . % — — .■  I ■■■  I 


WMS 

* 

GALLATIN 

(378') 

VIGOROUS 

(210') 

FIREBUSH 

(180*) 

PAMLICO 

(160') 

WHITE  SAGE) 
(133-)  i 

POINT  HERRON 
(82*) 

1 

78 

1QQ 

IS 

100 

— 

-4j? 

1Q0 

49 

100 

44  . 



too 

25 

1M 

2 

2 37 

100 

95 

|0<3 

1 57 

igo 

123 

iog 

129 

100 

N 

A 

3 

226 

log 

N 

A 

158 

100 

106 

100 

134 

100 

N 

A 

4 

9.4 

100 

N 

A 

. .113  . 

i<?9 

81 

10C 

87 

I0O 

N 

A 

S 

N 

A 

N 

A 

202 

100 

62 

100 

79 

100 

N 

A 

6 

N 

A 

N 

A 

210 

100 

62 

100 

87 

100 

N 

A 

7 

86 

100 

N 

A 

108 

100 

71 

100 

83 

100 

N 

A 

8 

N 

A 

N 

A 

200 

*00 

52 

100 

76 

!0Q 

N 

A 

9 

419 

100 

237 

too 

231 

1Q0 

104 

100 

150 

100 

80  ._  . 

)po 

10 

432 

100 

241  ... 

100 

240 

1Q0 

. 112 

100 

143 

100 

N 

A 

11 

426 

100 

N 

A 

233 

100 

82 

100 

(43 

100 

80 

m 

12 

N 

A 

N 

A 

249 

100 

142 

100 

154 

too 

N 

A 

13 

N 

A 

N 

A 

234 

100 

113 

J00 

U3 

100 

N 

A 

14 

62 

10  0 

24 

log 

119 

100 

65 

100 

90 

100 

63 

100 

15 

62 

100 

31 

102. 

128 

100 

_ 5.4 

100 

■ 

86 

100 

N 

A 

16 

69 

100 

31 

!PQ 

121 

100 

55 

100 

86 

100 

63 

17 

! N 

A 

N 

A 

137 

100 

84 

100 

97 

100 

N 

A 

18 

j N 

A 

N 

A 

1 

> 

Ni 

100 

55 

loo 

86 

100 

N 

A 

Attribute  Dau- 


Rttlng 


N/A  - Hot  a viable  system/ vessel  combination 


111. 


It. 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E III  - OPERABILITY 


31  I Amount  of  consumables/expendables  required  for  WMS  operation  (relative) 


Ettectiveness  Rating  Function  = 10o-  inn  CONi  I 

Rating  (ft)  My  | My 

‘ 1 RjyC^)  - Rating  f % of  1th  viable  candidate  WMS  on  veil  el  v 

ioa-a 

\ CONj  * Annual  coit  (V Year)  of  cotuumablea/ expendable*  for  1th  viable 

N.  candidate  WMS  on  veasel  v bated  on  projected  WMS  utilization 

My  - Maximum  value  of  CONj  foe  all  viable  candidate  wms  on 
\ venal  v 


MSD  Wtii  V'.A 

ami.  tiuuii.  Co« 

Arul.  Anal. 


GALLATIN 

(378') 


'•Kiel 


FIRE  BUSH 

PAMLICO 

WHITE  SAGE 

POINT  HERRON 

(180*) 

(160*) 

(133') 

(82 ') 

N 


N A 


N 


N I A 


Attribute  Data- 


N/A  - Not  a viable  *yitem/venel  combination 


Availability  of  specialized  or  unique  consumables/expendables  required  for 
WMS  operation ' 


Effectiveness  Rating  Function 

Rating  (9>) 


70  I 


- Rating  for  WMS 


RCA  ~ Ratln9  for  (blaclc  watsr)  CA  subsystem 
RB.j,^  - Rating  for  black  water  T/D  subsystem 
RGt/d  - Rating  for  gray  water  T/D  subsystem 

Data  given  In  the  form  (not  vessel  dependent): 


: ,BT/D  j Z|GT/D>  Attrlbute 
rbt/d  ’ rgt/d)  Ratlngs 


Attribute 


(Continued) 


■corcc  of  Dm 
MJ»  Wfcs  W>1S~ 

Anti.  Mil.  Com 

Aul  Aa»U 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systqni/Vessel  Combinations 


WMS 

* 


GALLATIN 

(378') 


VIGOROUS 

(210') 


FIREBUSH 

(180') 

q.gq  io 

q.d.  a i 

g.d.o 


PAMLICO 

(160*) 


WHITE  SAGE  POINT  HERRON 
(133*)  (82*) 


N 


nI  A 


N A q,q,o 

N A g,  q,  q 

N A q,  q,q 

N A a,d,  a 

N A a ,6.6 

a, a, a 

g,d,a 

n a q 

N A a,  g.g 

N A a, Id 

a ,a,a 

a,  J,a 

a,  ai  a 


a, a, a 

100 

aJJ 

0 

Attribute  Dau- 


N/A  - Not  a viable  tyttem/venel  combination 


r ui  >A>i  kLaf^iaiiiil  A 


Definitions  of  Zc/T<  ZBT/p,  ZGT/p 


(a)  No  specialized  or  unique  consumables  or  expendables  required  for  WMS 
subsystem  operation. 

(b)  Any  specialized  or  unique  consumables  or  expendables  required  for 
WMS  subsystem  operation  are  available  from  ship's  Inventory. 

(c)  Any  specialized  or  unique  consumables  or  expendables  required  for 
WMS  subsystem  operation  are  available  from  federal  stock  system. 

(d)  Any  specialized  or  unique  consumables  or  expendables  required  for 
WMS  subsystem  operation  are  available  only  from  commercial  source. 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 


33  j Operating  requirements  for  special  or  unique  WMS  support  equipment 


Ertectiveness  Rating  Function  J’Vms  “ Mla  ^ 

JUtJag  tf.) 


TO — — 


RwMS  " Ratlng  *or  WM§ 

RC/T  “ Ratlng  *or  (black  water)  CA  subsyster 
RBt/d  - Rating  for  black  water  T/D  subsystem 
RGx/D  “ Ratlng  for  ^ay  water  T/D  subsystem 

Data  given  In  the  form  (not  vessel  dependent): 

I CA  ■ |ET/C  • j=I/D  Attribute 

EC/T  ’ RBT/D  ’ RGt/D>  Ratlng3  , 


Attribute 


(Continued) 


»'  p»'t 

Mis  vxa  vo-u 
AuL  iMUU.  Cam 
Aul  Aut 


Effectiveness 

Attribute  Data  and  Ratings  for  Viable  Systqm/Vessel  Combinations 

WMS 

# 

GALLATIN 

(378‘) 

VIGOROUS  I 
(210*) 

FIREBUSH  ( 
(180')  1 

PAMLICO 

(160*) 

WHITE  SAGE 
(133*) 

POINT  HERRON 
(82  •) 

Attribute  Dtu 


N/A  - Not  t triable  lyttem/veael  combination 


Ill  - 33 


Definitions  of  2BT/D>  ^T/D 

(a)  No  special  or  unique  support  equipment  required  by  WMS  subsystem. 

(b)  Some  special  or  unique  support  equipment  required  by  WMS  subsystem; 
equipment  requires  only  minimal  and  infrequent  attention*  to  keep 
operational.  (D 

(c)  Some  special  and  unique  support  equipment  required  by  WMS  subsystem; 
equipment  requires  more  than  infrequent  attention  to  keep  operational.  (2) 

NOTES:  1.  E.g.,  firefighting  equipment,  special  transformers,  ozone 
detector  for  Grumman,  bilge  alarm  for  tanks . 

2.  E.g.,  compressor  installed  to  support' WMS  operation. 


No  more  frequently  than  weekly  with  a duration  not  greater  then  10  minutes; 
or  no  more  frequently  than  semi-annually  with  a duration  of  2 hours. 


2?1 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E IV  - PERSONNEL  SAFETY 


Hazard  of  contact  wtth/sptllage  of. toxic/dangerous  substances  * 
due  to  inherent  WMS  design 


Ertectiveness  Rating  Function 

IlaUng  eft)  HI  = 


H,  = H,c/T  + HnWHKi/D 
H,C/T’HBT/D-  HIGT/DELl'SJtC 


Effectiveness  Attribute  E>ata  and  Ratings  for  Viable  Systgm/Vessel  Combinations 


WMSH  GALLATIN  VIGOROUS  FIREBUSH  PAMLICO  IWHITE  SAGE  POINT  HERRON 
# fl  (378’)  <210*)  (180*)  (160*)  I (1331)  (82') 


Rjfft)  « 10Q  (1  - HI/48)  OiHI  —48 
* 0 48  < HI  <19:! 


R j (ft)  • Raring  (ft)  of  i*  viable  candidate  WMS  (independent  of  vessel) 

HI  - Hazard  index  for  contact  with/ipillage  of  toxic/da ngerous  substances 
due  to  WMS  Inherent  design 

HIc/t  - Hazard  index  for  (black  water)  CoUecdoa/Tran  sport  subsystem 

HB  - Hazard  Index  for  black  water  Treatment/Dipsosal  subsystem 

MG  - Hazard  index  for  gray  water  Treatment/ Disposal  subsystem 

L - Likelihood  or  hazard  for  C/T  and  T/D  (hlack  or  gray)  luhayitemi 
S - Severity  of  hazard  for  C/T  and  T/D  (black  or  gray)  subsystems 
C - Hazard  correction  for  C/T  ana  T/D  (black  or  gray)  subsystems 

M - Maximum  possible  value  of  HI  E ; s-s 

r iwsci  or  pm 

3 (4  x 4 x 4)  = 19C  msd  | WM5  wms 

HI  auL  tonii.  Co* 

* See  Examples  and  Legend  following.  y - 1 


N/A  - Not  a viable  system/vessel  combination 


IV  - 11 


rwiOniH^p  tad  Values  for  L 

(a)  No  cbaace  (L  ■ 0) 

(b)  Highly  unlikely  (L  ■ 1) 

(c)  Fall  to  even  chance  (l  ■ 2) 

(d)  Highly  likely  (L  « 4) 

Deflniggn  and  Values  foe  S 

(a)  No  resultant  injury  (S  ■ 1) 

(b)  Results  in  Injury  of  low  to  moderate  severity  (requiring  first  aid  or  limited  medical  treatment)  (S  ■ 2) 

(c)  Results  In  severe  Injury  or  death  (S  » 4) 


Definition  and  value*  for  C 


(a)  Hazardous  situation  can  be  eadly  corrected  (C  ■ 1) 

(b)  Hazardous  situation  Is  difficult  to  correct  (C  « 2) 

(c)  Hazardous  situation  cannot  be  corrected  (C  * 4) 


WMS  data  (Independent  of  vessel)  is  given  In  the  form; 


l.S.Cjl.S.  C,/VL.S.  C, 


1 


L 


Gray  water  Treatment /Disposal  subsystem 
Black  water  Treatment/Disposal  subsystem 
(Black  water)  Collection /Transport  subsystem 


* Examples: 

. Leakage  of  fumes  from  incinerator  Into  adjacent  berthing  and  working  spaces. 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  in  sewage  holding  tanks. 

. Flesh  water  connections  to  MSD  subsystems  have  a potential  for  contaminating  the  vessel's 
potable  water  supply  with  toxic /dangerous  substances. 

. Sewage  contamination. 

..  The  fallowing  pathogens  may  be  transmitted  through  sewage. 

- Tetanus  (bacteria) 

- Typhoid  (bacteria) 

* Dysentery  (bacteria) 

- Cholera  (bacteria) 

- Hepatitis  (virus) 

- Polio  (virus) 

. . Possible  methods  of  Infection  (a  healthy  person  may  be  a carrier;  Infection  hazard  depends  on 
a person's  resistance). 

• C*n  (from  hands  while  smoking  or  eating)  - the  most  common  method  of  transmitting  enteric 
(Intestinal)  diseases. 

> Through  breaks  In  skin  (cuts,  abrasions,  sores). 

- {yes  and  nose  (from  hands) , 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M /E IV  - PERSONNEL  SAFETY  __ 


Hazard  of  contact  wlth/£ptllage  of  toxic/dangerous  substances*  due  to  procedural 
errors  /equipment  failures  of  WMS 


Effectiveness  Rating  Function  Rj  (<;;-)  = 100  (i  - HI/4S)  0<hi<4S 

Kalins  CO  ^ ■ ]^<HlSl9U._ 

L "1[%,h®t/.G"Vo 


M/4  = 4S 


«c/t-h®t/d-  !%/,rlsSsC 

R^CO  - Rating  C’,u)  of  i'^  viable  candidate  WMS  (Independent  of  v easel) 

HI  » Hazard  index  of  contact  with/ spillage  of  toxlc/dangetous 

substances  due  to  procedural  errot/ equipment  failures  of  WMS 
HI  * Hazard  index  for  (black  water)  Collection/ Transport  subsystem 

HIB  • Hazard  index  fot  black  water  Treatment/Dlsposal  subsystem 

iVlG^  Hazard  index  for  gray  watet  Treatment/ Disposal  subsystem 

l - Likelihood  of  hazatd  for  C/T  and  T/0  (black  or  gray)  subsystems 
S - Severity  of  hazard  fot  C/T  and  T / D (black  at  gray)  tubsyatems 

C - Hazard  correction  for  r/T  and  T /U  (black  s^irvt  

or  gray)  subsystems  msd  wms  “wmF" 

M - Maximum  possible  value  of  HI  = Anal,  imuU. 

3i4x4x4)-'  ICC  „ y.  . _A“L iH*L 

* See  Examples  and  legend  following. 


Effectiveness  / 

attribute  Data  and  Ratings  f 

VMS 

* 

GALLATII 

(378') 

d 

VIGOROUS 

(210’) 

FIREBUSH 

(180*) 

1 

bYa/  b,a,a 
./  b. 

02 

2 

C,  b,  b-'c.b.b 

/baa 

65 

3 

N 

J*, 

C,b,b  /C(b,b 
/bra,  a 

6F 

4 

N 

A 

b,  b,a/c,a,a 
/M-a 

90 

5 

N 

A 

N 

A 

bb,a/c,a,a, 

/c.a,a 

88 

6 

N 

A 

N 

A 

b,b,  a7b,a.q 
/c,a,a 

90 

7 

H 

A 

btb,a/c,a,a 

/ b.  o.a 

90 

8 

N 

A 

N 

A 

b,  b.a/c,a,a 

7c,  a. a 

88 

9 

b,  a,  a/b,a,a 
fbt  a.  a 

94 

10 

b,  a,a/ba,a 

1 ba.a 

94 

11 

N 

A 

b,a,a/c,a.a 

/b.a.a 

92 

12 

N 

A 

N 

A 

ha.a,/b,a,a 

/CA4 

92 

13 

N 

A 

N 

A 

b a,a/  b,a,a 
/c,a,a 

92 

14 

bla,a/b,a,a 
/ b,  a,a 

94 

15 

b,a,a/b,a,a 

/b,a,a 

94 

16 

ba,a/c,a,a 

/b.a.cr 

92 

17 

N 

A 

N 

A 

ha,a/t>,a,a 

92 

18 

N 

A 

N 

A 

b,a,a/b,a,a 

A.aq 

92 

PAMLICO  WHITE  SAGE  POINT  HERRON 
(160*)  (133')  (82*) 


Attribute  Data* 


N/A  - Not  a viable  syttem/veuel  combination 


IV- 12 


Definition  and  Valuer  for  L 

(a)  No  ch  nee  (L  * 0) 

(b;  J w .]  unlikely  (L  = 1) 

{t c ) . to  even  chance  (l  ~ 2) 

('!)  .idiiv  likely  (I.  ~ 4) 

Dcfic  ..n  and  Values  for  S 

(a)  No  resultant  injury  (S  = 1) 

(b)  Results  In  injury  of  low  to  moderate  severity  (requiring  first  aid  or  limited  medical  treatment)  (S  = 2) 

(c)  Results  in  severe  injury  or  death  (S»4) 


Definition  and  Values  for  C 


(a)  Hazardous  situation  can  be  easily  corrected  (C  ~ 1) 

(b)  Hazardous  situation  is  difficult  to  correct  (C  3 2) 

(c)  Hazardous  situation  cannot  be  corrected  (C  = 4) 


WMS  data  (Independent  of  vessel)  is  given  in  file  form: 

Vi 

A A ^ Gray  water  Treatment/Disposal  subsystem 

I Black  water  Treatment/Disposal  subsystem 

•-(Black  water)  Collec Cion/Transport  subsystem 


* Example*: 

. Leakage  of  fumes  from  Incinerator  Into  adjacent  berthing  and  working  spaces, 

. Hydrogen  sulfide  (a  toxicant)  may  be  generated  in  sewage  holding  ranks. 

. Fresh  water  connections  to  MSD  subsystems  have  a potential  for  contaminating  the  vessel’s 
potable  water  supply  with  toxic /dangerous  substances, 

. Sewage  contamination. 

..  The  following  pathogens  may  be  transmitted  through  sewage. 

- Tetanus  (bacteria) 

- Typhoid  (bacteria) 

“ Dysentery  (bacteria) 

- Cholera  (bacteria) 

- Hepadds  (virus) 

- Folio  (virus) 

..  Possible  methods  of  Infection  (a  healthy  person  may  be  a carrier;  infection  hazard  depends  on 
a person’s  resistance). 

- Oral  (from  hands  while  smoking  or  eating)  - the  most  common  method  of  tiansmitdng  enteric 
(Intestinal)  diseases. 

" Throuj£i  breaks  In  skin  (cuts,  abrasions,  sores). 

- Eyes  and  nose  (from  hands). 
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i. 


Ey 


iaaeasaUMM* 


»;m:cTivi:.Mi:sa  ratings  r«?R  i;u:mi:ntaky  i'Actors/s u wacto hs 


M/r, __  IV  . PERSON NKL  SAFETY 

Hazard  of  explosive  potential  for  opo r« tor/'ma  l n i a l nor  duo  to  inherent  WMS  design 


Ihloctivenus:*  Rating  Function 


t.HHV,  (•/..) 

A 


nr  * j x in 

m " :"cvr  ’ ‘“r/n  * ,lu;T/i> 


R|vC'M  - 100  (1-1IP/48)  0S.IIPi.4H 

-0  4rt  < HP  <'m 


'"err  "mr nr  '"Svn 


l,  x S x C 


M/Ri  •"  4H 


ffTectlvonos  8 IfrtrTbuto'bft 
GAUAfirT-]  VIGOROUS 
(37B*)  I (210*) 


Rlvfit’)  * Ratio#  C <>f  nil  viable  candidate  WMS  on  vend  v 
UP  - llaaard  factor  tor  exploilvc  potential  for  operator/ maintainor  due 
inherent  WMS  dcuyn  and  initalla'lon 
1 - Initallattcm  Index  (for  prnonnel  talcty) 

111  - llaaard  Index  for  WMS 

**V/T  * **a*#r^  Index  for (hl.tck  water)  Colleciioii/’rraniputt  mbiyitem 

• llaaard  Index  for  black  water  Vreatment/Ptipoul  iiihiyitcm 
»UC.  - Haxard  Index  for#ray  water  Treatment/Otipoial  aubiyitein 

L - l ikelihood  of  liaxard  ,‘or  c/r  and  r/l>  (black  or  s,ay)  nitxyilcmi 

s - Severity  of  haeanl  for  C/T  and  r/p 

(Mack  or  #ray)  luhtyxte  mi  lew*  -il L*ti« 

<•  - llaaard  correction  for  C/l’ end  T/P  l>OD  WM*  ww.< 

(black  ot  eray)  nilwy item  *"*'■  *"“»"■  *•"* 

M - Maximum  poixlhtc  value  ol  111'  *■  — -r-  — 

4 (H)  (4  x 4 > 4)  - 'ItlH  (Continued)  L I-.jL 

mo  Rating s for  Vlablo  Systom/fyossol  Combinations  ~~ 
riRCBUSH  I PAMLICO  JWHITE  SAGlTlPOlNT  HLRRON 


IV  - 21 

Definition  and  Values  for  I 


(a)  Likelihood  of  hazardous  situation  is  not  increased  due  to  location 
of  any  portion  of  WMS  (I  - 1) 

(b)  Likelihood  of  hazardous  situation  is  incroased  due  to  proximity  of 
any  portion  of  WMS  to  working  or  berthing  area  (I  ~ 2) 

/(c)  Likelihood  of  hazardous  situation  is  increased  due  to  proximity  of 
/ any  portion  of  WMS  to  fuel  storage  area  (I  = 4) 

Definition  and  Values  for  L 

/ ' 

(a)  No  chance  (I,  = 0) 

(b)  Highly  ynllkely  (L  = 1) 

(c)  Fair  to  even  chance  (L  = 2) 

(d)  Highly  likely  (L  ~ 4) 


Definition  and  Values  for  S 

(a)  No  resultant  injury  (S  = 1) 

(b)  Results  in  injury  of  low  to  moderate  severity  (requiring  first  aid  or 
limited  medical  treatment!  (S  = 21 

(c)  Results  in  severe  injury  or  death  (S  = 4} 

Definition  and  Values  for  C 

(a)  Hazardous  situation  can  be  easily  corrected  (C  = 1) 

(b)  Hazardous  situation  is  difficult  to  correct  (C  = 2' 

(c)  Hazardous  situation  cannot  be  corrected  (C  - 41 


WMS/vessel  data  is  given  in  the  form 


:/l,  S,  C/L,  S, 


4 k 


Gray  v/ater  TreatmenytMsposal  subsyste 
Black  water  Treatment/Dtsposal  subsystem 
(Black  water)  Collectlon/Transport  subsystem 


m ^ Not 
\ Vessel 
(Dependent 


Installation  index  (vessel  dependent) 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/S  UBFACTO RS 
M/E IV  - PERSONNEL  SAFETY 


L Hazard  of  explosive  potential  for  opera tor/malntainer  due  to  procedural 
efTor/equlpment  failures  of  WMS  _ 


Eitcctiveness  Rating  Function 


XiUnj’  07 S) 

A 


HF  = I x HI 


■=  100  (1  - HF/48)  0£MFi^ 
=0 48<HF<168 


H1B  . *■  HIG 

T/D  T/D 


HI  , , KB,.,  . HIG  Uf  xC 
C/T  T/D  T/D 

Rjvfk)  “ Rating  f$>)  of  l^x  viable  candidate  WMS  on  venel  v 

HF  - Hazard  factor  for  explosive  potential  for  operator/ maintainor  doe 
to  procedural  errotr/ equipment  failure*  of  WMS  and  ImuUatlon 
1 - Installation  index  (for  personnel  safety) 

HI  - Hazard  index  for  WMS 

HIc/t  * Hazard  Index  Vor  (black  water)  Collect!  on/ Transport  rubiyitem 
H T/D"  inde*  fat  bl*cl<  W4tei  Tle*tment/01tPosal  wbty«em 

HIG  - Hazard  index  for  gray  water  Treatment/Dlipoial  lubjystem 

I,  - Likelihood  of  hazard  for  C/T  and  T/D  (black  or  gray)  tubayitcms 

S » Severity  of  hazard  for  C/T  and  T/D  (black  

or  gray)  lubay.tem.  TSnTwS^fwur 

•-►HF  C - Hazard  correction  for  C/T  ar.d  T/D  (black  Alul  lB1I4lt  Caa 
1 708  or  gray)  lubiyiterm  An.i,  ’ Ami. 

M - Maximum  possible  value  of  HF  = " ✓*  \P  

' ' m;xAjl4L= .If-O  .(CsmUnocd)- 


M/1C  = 48 


M * 708 


Snvucc  at  P»t< 

MSD  WMS  WMS 

Aral,  IaiiaII,  Co* 

Anil.  Anil. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 

WMS 

» 

GALLATIN 
(378")  _ 

VIGOROUS 

(210') 

FIREBUSH 

(180') 

: r : • 

PAMLICO 

(160') 

WHITE  SAGE 
(133') 

POINT  HERRON 
(82') 

IV  - 22 

Definition  and  Values  for  I 

(a)  Likelihood  of  hazardous  situation  is  not  increased  due  to  location 
of  any  portion  of  WMS  {I  * 1) 

(b)  Likelihood  of  hazardous  situation  is  increased  due  to  proximity  of 
any  portion  of  WMS  to  working  or  berthing  area  (I  = 2) 

(c)  Likelihood  of  hazardous  situation  is  increased  due  to  proximity  of 
any  portion  of  WMS  to  fuel  storage  area  (I  ■ 4) 

.Definition  and  Values  for  L 

(a)  No  chance  (L  » 0) 

(b)  Highly  ynllkely  (L  *=  1) 

\c)  Fair  to  even  chance  (L  =■  2) 

(d)  Highly  likely  (L  - 4) 

Definition  and  Values  for  S 

(a)  No  resultant  injury  (S  ■ 1) 

(b)  Results  in  injury  of  low  to  moderate  severity  (requiring  first  aid  or 
limited  medical  treatment)  (S  * 2) 

(c)  Results  in  severe  injury  or  death  (S  «=*  4} 

Definition  and  Values  for  C 

(a)  Hazardous  situation  can  be  easily  corrected  (C  = 1) 

(b)  Hazardous  situation  is  difficult  to  correct  (C  * 2) 

(c)  Hazardous  situation  cannot  be  corrected  (C  **  4) 

WMS/vessel  data  is  given  in  the  form 

Gray  water  Trecn.neny'btsposal  subsystem 
water  Troatment/Dlsposal  subsystem 
CollectlonAransport  subsystem 
(vessel  dependent) 


Not 

i Vessel 
Dependent 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  IV  - PERSONNEL  SAFETY 


31 


Hazard  of  ftre  ignition  potential*  due  to  inherent  WMS  design 


Etlcctlveness  Rating  Function 


Xuing  Cv) 

A 


HF  =>  I x HI 


I4V  fife)  « 100  (1  - HF/48) 

•0 


0<HF£48 

48<HPi768 


HI  = HI 


C/T 


HIB^_+HIG  _ 
T/D  T/D 


HU,_.  HIB_  HIG_  ,„  = US«C 
C/T  T/D  T/D 

Rjvf7o)  - Racing  (5>)  of  i1*1  viable  candidate  WMS  on  vessel  v 

HF  -Hazard  factor  for  fire  ignition  potential  due  to  WMS  Inherent 
design  and  installation 

I - Installation  index  (for  personnel  safety) 

HI  - Hazard  Index  fot  WMS 


HI 


C/T 


Hazard  index  for  (black  water)  Coilection/Ttansport  subsystem 


« 43 


M=768 


HF 


H1Bt/d  - Hazard  index  for  black  water  Treatmem/DUpoul  subsystem 
HIG^d  - Hazard  index  for  gray  water  Treatment/Dispoial  subsystem 

L - Likelihood  of  hazard  foi  C/T  and  T/D  (black  or  gray)  subsystems 
S - Severity  of  hazard  for  C/T  and  T/D  (black  or  gray)  subsystems 
C - Hazard  correction  for  C/T  and  T/D  (black 
or  gray)  subsystems 

M - Maximum  possible  value  of  HF  = 

4 (3)  (4  x 4 X 4)  = 768 


(Continued) 


L *****  9(  Din I 

ACSD 

VMS 

VMS 

Ao*L 

lnull. 

Coat 

Anti. 

Ami. 

S 

'Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/N/essel  Combinations 


WMS 

# 

GALLATIN 

(378*) 

VIGOROUS 

(210*) 

FIREBUSH 

(180‘) 

PAMLICO 

(160') 

WHITE  SAGE 
(133’) 

POINT  HERRON 
(82') 

1 

W 

100 

nl 

100 

<xJa,a7aIaAA 

Ja.a.9 

100 

al 

100 

«/ 

100 

al 

100 

2 

o| 

75 

a] 

75 

ajc.bAlc,  b,  b 
/a, a, a 

75 

al 

75 

al 

75 

N 

A 

3 

y 

67 

N 

A 

b/cl>,a/c,b,a 

/a.o,a  ... 

67 

y . __ 

67 

al 

83 

N 

A 

4 

a 1 

100 

N 

A 

a/ a,  a,  n /a,  a,  a 

/a.  a, a. 

100 

al 

100 

al 

100 

N 

A 

S 

N 

A 

N 

A 

a/o;aa,/a,aji 
la  a,  a 

100 

al 

100 

aj 

100 

N 

A 

6 

N 

A 

N 

A 

«/a,a,o/a1a,a 

laa.a 

100 

aj  . 

100 

aj 

100 

N 

A 

7 

W 

S3 

N 

A 

b/a,a,ai\b,b 
ta.a,  a 

83 

6/ 

83 

Cl 

67 

N 

A 

8 

W 

A 

N 

A 

XS&*,WvV 

67 

w 

67 

cl 

33 

N 

A 

9 

30 

'3j 

100 

aJ 

100 

a/flfl,57a1a1d 
/a, a a 

100 

<v 

100 

al 

joo 

100* 

V 

96 

cl 

n 

h/a,fl,a/6aa. 
fa,  7,0 

96 

b/ 

96 

al 

98 

N 

A 

11 

aj 

98 

N 

A 

a/«.a,a  jb,AO 
faia,a 

98 

«5/ 

98 

al 

98 

al 

92 

12 

H 

A 

’ 

N 

A 

a/Qru.,al<i,a,a 

100 

al  ..  . 

i00 

al 

100 

N 

A 

13 

N 

A 

N 

A 

b/a,a,ajb,a,a 

b 

79 

y 

79 

cl 

58 

N 

A 

14 

± 

*00 

al 

100 

a!  a,a,afix,a,a 
>'a,o,£i 

!00 

a/ 

100 

al 

100 

aj 

100 

15 

w 

96 

cl 

n 

blaAflJhi-.x 
/«■*«  , 

96 

b/ 

96 

y 

96 

N 

A 

36 

«/ 

9C 

?L  

n 

a/^a,a|b,a,a 
Iao, a 

98 

al 

S3 

al 

98 

«/ 

98 

in 

N 

A 

u 

A 

<i/a,a,<  «/aa,a 

&.«*.«  ... 

100 

oi 

100 

al 

100 

N 

A 

[StB 

N 

la. 

N 

A 

bla,o,alb,a,a 
/>,b.  t>L 

79 

w 

77 

cj 

59 

N 

A 

Attribute  Da*a~? 


i— 


Rating 


N/A  * Hot  s viable  system/vessel  combination 


no 


IV  - 31 


Definition  and  Values  for  I 


(a)  Likelihood  of  hazardous  situation  Is  not  increased  due  to  location 
of  any  portion  of  WMS  (I  = 1} 


(b)  Likelihood  of  hazardous  situation  Is  increased  due  to  proximity  of 
any  portion  of  WMS  to  working  or  berthing  area  (I  - 2) 


(c)  Likelihood  of  hazardous  situation  Is  increased  due  to  proximity  of 
any  portion  of  WMS  to  fuel  storage  area  (I  = 4) 


Definition  and  Values  for  L 


(a)  No  chance  (L  ■ 0) 

(b)  Highly  ynllkely  (L  * 1) 

(c)  Tair  to  even  chance  (L  ■ 2) 

(d)  Highly  likely  (L  » 4) 


Definition  and  Values  for  S 


(a)  No  resultant  injury  (S  - 1) 

(b)  Results  in  injury  of  low  to  moderate  severity  (requiring  first  aid  or 


limited  medical  treatment)  (S  « 21 
(c)  Results  in  sevare  Injury  or  death  (S  « 4) 


definition  and  Values  for  C 


(a)  Hazardous  situation  can  be  easily  corrected  (C  • 1) 

(b)  Hazardous  situation  is  difficult  to  correct  (C  » 2) 

(c)  Hazardous  situation  cannot  be  corrected  (C  ■ 4) 


WMS/vessel  data  is  given  in  the  form 


I/L<S,C/^!S>g/^,S,9 

,,  “ t Gray  water  Treetment/ldisposal  subsystems 

Black  water  Treatment/Disposal  subsysu'm  /Vessel 

(Black  water)  CollectlonAransport  subsystem  ./Dependent 

__ Installation  Index  (vessel  dependent) 


* Oil  used  for  flushing  (In  Chrysler)  is  not  flammable  under  ordinary 
conditions.  However,  at  high  temperatures,  e.g.,  in  the  presence 
of  a fire,  it  will  support  combustion. 


r 


I 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  IV  - PERSONNEL  SAFETY 


32 


Hazard  of  fire  ignition  potential  due  to  procedural  errors /equipment  failure  of  WMS 


Eitcctlvencss  Rating  Function 

HF  * I x HI 


Xaunj;  C-'O 

A 


Rjvf*>)  » 100  (1  - HF/49)|o<HF<48 
■ 0 |48<HF!768 


M/16  * 48 


HI  = HI  . + HIB_  ♦ HIG 

C/T  T/D  T/D 

Hl_  HtB  , HIG  ■ L X S x C 
C/T  T/D  T/D 

RivCft)  * Rating  (fa)  of  1th  viable  candidate  WMS  on  vend  v 

HF  - Hazard  factor  for  fire  ignition  potential  due  to  procedural  error*/ 
equipment  failure*  of  WMS 
1 - Inttallation  index  (for  personnel  safety) 

HI  - Hazard  index  for  WMS 

HI  - Hazard  index  for  (black  water)  CoUecUon/Tcitupott  lubtyitem 

C/T 

H1BT/D  - Hazard  index  for  black  water  Tteatment/Ditpoial  wbtyitem 
H*  - Hazard  index  for  stay  water  Treatment/Dlipoial  xubiynem 

L - likelihood  of  hazard  foe  C/T  and  T/D  (black  or  gray)  *ub»y*em» 
S - Severity  of  hazard  far  C/T  and  T/D  (black 
or  gray)  fubtyttem* 

C - Hazard  correction  for  C/T  and  T/D 


"m*  ?G8  ^ 


(black  or  gray)  zubsvtternj 
M « Maximum  po&dble  value  of  HF 
4(3)  (4x  4x4)  » 768 


"Effectiveness  Attribute  Data  and  Ratings 7or  Viable SystQm/VBSsel Combinations' 


WMS 

# 

GALLATIN 

(378*) 

VIGOROUS 

(210') 

FIREBUSH 

(180‘) 

PAMLICO 

(160*) 

WHITE  SAGE 
(1331) 

POINT  HERRON 
(82*) 

1 

<*L 

83 

a/ 

83 

d/a,a^Ib,bi 

yb,b,b 

83 

a/  .. 

8? 

a/ 

93 

al 

83 

2 

aj 

58 

o] 

58 

58 

aj 

58 

al 

58 

N 

A 

3 

b! 

17 

N 

A 

17 

W 

17 

al 

58 

N 

A 

4 

a/ 

81 

N 

A 

81 

fll 

81 

al 

81 

N 

A 

S 

N 

A 

N 

A 

a/|>,e.b/ba,d 

/b.o.o 

88 

a) 

88 

al 

88 

N 

A 

6 

N 

A 

N 

A 

a/a,a,a/kbkb 

/b.a,a 

90 

al 

90 

aj 

90 

N 

A 

7 

»/ 

0 

N 

A 

byb.b,b/c,c,b 

/b,kb 

0 

W 

0 

e/ 

0 

N 

A 

8 

N 

A 

N 

A 

b/hb.b/c,cb 

/c.e.b 

0 

W 

0 

cl 

0 

N 

A 

9 

a/ 

83 

«/ 

83 

a|a,a,  a|M»,b 
/b.b.b 

83 

a/  _ 

83 

al 

83 

al 

93* 

10 

by 

67 

c/. 

33 

hya,aa/l,Ub 

/b.b,b 

67 

hi 

67 

al 

83 

N 

A 

11 

a/ 

90 

N 

A 

a/a.£a/b»a,a 

90 

*1 

90 

al 

90 

al 

90 

12 

r 

A 

N 

A 

aj'a.a.a/kb.b 
/ , 

90 

al  .... 

90 

al 

90 

N 

A 

13 

N 

A 

N 

A 

Va,a,o/Ab.b 
/ c,c,b 

17 

V 1 

17 

cl 

0 

N 

A 

14 

a/ 

83 

4/ 

83 

ffinr 

83 

al 

83 

al 

83 

al 

83 

IS 

b/ 

67 

c / 

33 

fe*“ 

67 

hi 

67 

hi 

67 

N 

A 

16 

al 

90 

«/ 

90 

a/a,a,a/t*o,a, 
/ bA9.. 

90 

al 

90 

al 

90 

al 

90 

17 

N 

A 

N 

A 

a/a,aq/kkb 

90 

al 

90 

cl 

50 

N 

A 

18 

1 N 

A 

N 

A 

b/a,a.o/b,b,l) 

/c.c.b 

17 

hi 

17 

Cl 

O 

N 

A 

L jOMKt  gf  D<tj  _ J 

MSD 

WMS 

WMS 

A ail. 

IjttULt. 

Con 

Atul. 

AMI. 

v/j 

Attribute  Dau- 


Railng 


N/A  - Not  a viable  iyitem/ve»el  combination 
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(a)  Likelihood  of  hazardous  situation  Is  not  increased  due  to  location 
of  any  portion  of  WMS  (I  = 1) 


(b)  Likelihood  of  hazardous  situation  is  increased  due  to  proximity  of 
any  portion  of  WMS  to  working  or  berthing  area  (1  = 2) 


(c)  Likelihood  of  hazardous  situation  is  increased  due  to  proximity  of 
any  portion  of  WMS  to  fuel  storage  area  (I  = 4) 


Definition  and  Values  for  L 


(a)  No  chance  (L  « 0) 

(b)  Highly  ynllkely  (L  = 1) 

'(c)  Fair  to  even  chance  (L  = 2) 

(d)  Highly  likely  (L  * 4) 


Definition  and  Values  for  S 


(a)  No  resultant  injury  (S  = 1) 

(b)  Results  in  injury  of  low  to  moderate  severity  (requiring  first  aid  or 


limited  medical  treatment)  (S  » 21 


(c)  Results  in  severe  injury  or  death  (S  = 4) 


Definition  and  Values  for  C 


(a)  Hazardous  situation  can  be  easily  corrected  (C  = 1) 

(b)  Hazardous  situation  is  difficult  to  correct  (C  = 2) 

(c)  Hazardous  situation  cannot  be  corrected  (C  = 4) 


WMS/vessel  data  is  given  in  the  form 


/l.  Si  C/\,  S,  (j/^n  S , 

| i Gray  water  Treatment/Disposal  subsystem 

I Black  water  Treatment/Disposal  subsystem 

(Black  water)  Collection/Transport  subsystem 

Installation  index  (vessel  dependent) 


Not 

Vessel 

lependent 


* Oil  used  for  flushing  (in  Chrysler)  is  not  flammable  under  ordinary 
conditions.  However,  at  high  temperatures,  e.g.,  in  the  presence 
of  a fire,  it  will  support  combustion. 


i 


r 


133 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTO RS/SUBFA CTO RS 
M/E  IV  - PERSONNEL  SAFETY  


Hazard  of  electric  shock  potential  for  operator/matntatner  of  WMS 


Ettec.tiveness  Rating  Function 

Haling  fr)  hj  = H) 


M/4-48 


“on  - 100  (1  - HI/48)  OiHll.48 

HI  - HI  , ♦ HIB  . ♦ HU  -12 

C/T  T/D  T/D 

HI  HIB  , HK3  . - L X S x C 

C/T  T/D  T/D 

Rjfft)  - Rating  c 5»)  of  l*b  viable  candidate  WMS  (independent  of  vessel) 

HI  HI  - Hazard  index  foe  electric  shock  potential  for  operator/ mainuiner 
of  WMS 

HI  , « Hazard  index  for  (black  water)  Collection/' Transport  subsystem 

v»/  T 

H»  - Hazard  index  for  balck  water  Treatment/Disposal  subsystem 
H*^T/D  - Hazard  index  for  gray  water  Treatment/Dlipoial  subsystem 

L - likelihood  of  hazard  for  C/T  and  T/D  (black  or  gray)  subsystems 
S - Severity  of  hazard  for  C/T  and  T/D  (black  os  gray)  subsystems 
C - Hazard  correction  for  C/T  and  T/D  (black 
or  gray)  subsystems 

M - Maximum  possible  value  of  HI  1 Sourer  otDm 

-HI  3 (4  x 4 x 4)  - 192 


M = 192 


(Continued) 


USD  WMS  WMS 

A oil,  laulll.  Co* 

Aut.  Anri. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  SystgnyVessel  Combinations 


WMS  GALLATIN 
» (378*) 


VIGOROUS 

(210') 


FIREBUSH 
(1 80 ') 


PAMLICO  IWHITE  SAGE  IPOINT  HERRON 


(160*) 


(133‘) 


o,o,a/b1b,a 

/ b.b.a 

91 

a.aa/b,b,a 

/k.b.q 

92 

a.«.«/ t(b, a 
/b.ba 

92 

b.b,a/b,b,a 
/b.b,a ... 

88 

b.  b,q/b.b.a 

/b.b.a 

88 

a.a.a/kka 
/bb,a  . 

92 

bb,a/b,Ua 

/b.b.a  , 

88 

b.b,a/b,b,a 

/ b\«  __ 

88 

b, a, a/kb, a 
/ b.  b,  0 

90 

b.a.a/  b.a.a 
/b.b.a 

92 

b,a,a/b,c,a 

/b.b,a 

85 

/WA"'” 

90 

b,a,ifb,aA 

/b.b.a 

92 

b.b.a/b.ka 

/b.b.tf 

oo 

00 

b,b,a/b.a,a 

/b.b.a 

90 

kb.a/b,c,a 

/brkfl 

CO 

\x> 

88 

b,ba/b.a,a 

/b.b.a 

90 

Attribute  Data> 


H/A  - Not  a viable  system/ vessel  combination 


IV  - 4 

Definition  and  Values  for  l 


(a)  No  chance  (L  **  0) 

(b)  Highly  unlikely  (L  * 1) 

(c)  Fair  to  even  chance  (L  = 2) 

(d)  Higly  likely  (L  ■ 4) 

Definition  and  Values  for  S 

(a)  No  resultant  injury  (S  = 1) 

(b)  Results  in  injury  of  low  to  moderate  severity  (requiring  first  aid 

or  limited  medical  treatment)  (S  = 2) 

(c)  Results  in  severe  injury  or  death  (S  =*  4) 

Definition  and  Values  for  C 

(a)  'Hazardous  situation  can  be  easily  corrected  (C  = 11 

(b)  Hazardous  situation  is  difficult  to  correct  (C  * 2) 

(c)  Hazardous  situation  cannot  be  corrected  (C  * 4) 

WMS  data  (independent  of  vessel!  is  given  in  the  form 

Gray  water  Treatment/Disposal  subsystem 
j__  Black  water  Treatment/Disposal  subsystem 
(Black  water)  CollectlonAransport  subsystem 


* Electric  shock  may  result  in  severe  burns  and/or  death;  in  addition, 

reaction  to  electric  shock  may  cause  affected  individual  to  be  thrown 
aside,  possibly  subjecting  him  to  severe  impact  injuries  and/or 
contact  with  sharp  edges/hot  surfaces. 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/r IV  - PERSONNEL  SAFETY 

★ 

Physical  hazards  associated  with  WMS  due  to  sharp  edges 


Etiectiveness  Rating  Function 

Haling  OT-0 


Rj  = 100  (1  - HI/49  OiHI  148 
- 0 4fi  <HI  1 192 


HI  , HIB  , HIG 
C/T  T/D  T/D 


T/D 

= L x S x C 


M/4  *10 


M - 192 


Rjffc)  - Rating  tf>)  of  i^  viable  candlcate  WMS  (independent  of  vessel) 

HI  - Hazard  Index  fot  physical  haxaidi  associated  with  WMS  due 
to  sharp  edges 

Hi 

C/T  - Hazard  index  for  (black  watej)  Collecrioii/Tranjport  jubsyjtem 
HB  - Hazanl  Index  fot  black  water  Treatment/Dispotal  subsystem 

H1Gt/d-  Hwt-rd  index  fot  gray  water  Treatment/Disposal  subsystem 

L - UkeUhocd  of  hazard  tot  C/T  and  T/D  (black  <x  gray)  subsystems 
S - Severity  of  hazard  for  C/T  and  T/D  (black  or  gray)  subsystems 

C - Hazard  correction  for  C/T  and  T/D  — ’sZSZTStoXT 

(black  ci  gray)  subsystem!  "mmsT  wms  j wms 

>H1  M - Maximum  possible  value  of  HI  - *“*•  tmuti.  Con 

3 (4  x 4 x 4)  = 102  —7-  — Aaaiz- 

(Continued)  — * -I J 


Effectiveness  Attribute  Data  and  Ratings  lor  Viable  Systqm/Vessel  Combinations 


WMS  M GALLATIN 
# I 078*) 


VIGOROUS 

(210') 


FIRE  BUSH 
(180') 


PAMLICO  {WHITE  SAGE  POINT  HERRON 
(160')  I (133')  (82') 


a.aa/a.a.a 

/a.O.a 

100 

o,ct,a/a,a,a 
/a, a.o 

100 

a,a,a[a,ajo 

10.0.0 

100 

a.a,a/a,a,a 
la, ah 

100 

a,a,a/a,a,a 
! 0,0.0 

100 

a,a,a/a,a,u 

10,0,0 

too 

a.a.a/ctAO 
/a, a a 

100 

a, 0,0/00,0 
(a.o,* 

too 

b,a,a/a,o,o 

10,0,0 

9« 

b.a,a/b.a,Q 
/ a.aa 

96 

ba,a/c,b,a 

/a,d,o 

90 

ha,£i/a,a,a 

(0.0,0 

98 

b,a,o/b,a,a 
/a  .a,  a 

96 

b.a.a/a,ao 

10,0,0 

98 

la.a/b.a,  a 
h,o,a 

96 

b.a.a/c.biO 

/o,a,a 

90 

b,a,a/a,a,a 
la, 0.0 

98 

ba,a/b,a.a 

/ n h n 

96 

Attribute  Dau- 


N/A  - Not  a viable  tystem/vettei  combination 


IV  - 51 

Definition  and  Values  for  L 


(a)  No  chance  (L  * 0) 

(b)  Highly  unlikely  (L  » 1) 

(c)  Fair  to  even  chance  (L  » 2) 

(d)  Higly  likely  (L  **  4) 

Definition  and  Values  for  S 

(a)  No  resultant  injury  (S  ■ 1) 

(b)  Results  in  Injury  of  low  to  moderate  severity  (requiring  first  aid 

or  limited  medical  treatment'  (S  = 2) 

(c)  Results  in  severe  injury  or  death  (S  = 4) 

Definition  and  Values  for  C 

(a)  Hazardous  situation  can  be  easily  corrected  (C  = 1' 

(b)  Hazardous  situation  is  difficult  to  correct  (C  = 2' 

(c)  Hazardous  situation  cannot  be  corrected  (C  ■ 4' 

WMS  data  (independent  of  vessel)  is  given  tn  the  form; 

s,c  / / ^5 

I t t_  Gray  water  Treatment/Disposal  subsystem 

J Black  water  Treatment/Disposal  subsystem 

(Black  water)  Coliection/Transport  subsystem 


* Combined  effect  of  injury  due  to  sharp  edges/points  and  sewage 

contamination  may  Introduce  harmful  pathogens  into  the  bloodstream  of  an 
affected  individual. 


1 


4 

i 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
I/E IV  - PERSONNEL  SAFETY 


i steal  hazards  associated  with  WMS  due  to  hot  surfaces 


l .leciiv  3 \ess  Rating  Function 


Rj  fh)  ■ 100  (1  - Hl/48»Q<HI<  48 
■ 0 I48<HI<192 


W*H,C/T*HnWH 
h,c/t’  hbW  higt/d 


T/D 

* L x S x C 


M/4  3 48 


M - 192 


RjCfc)  * Rating  (fb)  of  ld>  viable  candidate  WMS  (Independent  of  vessel) 

Hi  - Hazard  Index  for  physical  hazards  associated  with  WMS 
due  to  hot  surface* 

HI  . - Hazard  index  for  (black  water)  Collection/Transport  subsystem 

vf  T 

HIBc/t-  Hazard  index  for  blackwates  Treatment/ Disposal  subsystem 

H1G  - Hazard  index  for  gray  water  Treatment/ Disposal  subsystem 
C*/T 

L - Likelihood  hazard  fee  C/T  and  T/D  (black  or  gray)  subsystems 
S - Severity  of  hazaid  for  C/T  and  T/D  (black  or  gray)  tubrysterm 
C - Hazard  correction  for  C/T  and  T/D  * — 

Sourc«  Of  PlU 

(black  or  gray)  subsystems  msc  1'wms  I wms 

**  , ...  , ....  Anal.  tmull.  Con 

M-  Maximum  possible  value  of  HI  = Aoal  An4| 

3 (4  x 4 x 4)  = 192  /.I  II  ZZ 


“ (Continued)  1 1 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


WMSH  GALLATIN  | VIGOROUS  FIREBUSH  I PAMLICO  IW HITE  SAGE  POINT  HERRON 
# (3781)  j (210')  (180')  | (160*)  | (133‘)  (82*) 


N fh  - Hot  a viable  fyitem/vessel  combination 


IV  - 52 


Definition  and  Values  for  L 

(a)  No  chance  (L  « 0)  - 

(bl  Highly  unlikely  (L  = 1)  ] 

(c)  Fair  to  even  chance  (L  = 2) 

(d)  Higly  likely  (L  *=  4)  . ; 

5 

2 

Definition  and  Values  for  S ? 

i 

(a)  No  resultant'  Injury  (S  = 1) 

.1 

(b)  Results  in  injury  of  low  to  moderate  severity  (requiring  first  aid  l 

or  limited  medical  treatment)  (S  = 2) 

(c)  Results  in  severe  injury  or  death  (S  * 4) 

Definition  and  Values  for  C 

(a)  Hazardous  situation  can  be  easily  corrected  (C  =31 

(b)  Hazardous  situation  is  difficult  to  correct  (C  « £} 

(c)  Hazardous  situation  cannot  be  corrected  (C  = 4) 

WMS  data  (independent  of  vessel)  is  given  in  the  form 

‘ J‘  | Gray  water  TreatmentAHsposal  subsystem 

Black  water  Treatment/Disposal  subsystem 

(Black  water)  Collection/Transport  subsystem 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E IV  - PERSONNEL  SAFETY 

Physical  hazards  for  WMS  maintainer  due  to  rotating  machinery 


Ettectiveness  Rating  Function 
*»UnS  C?>)  , 


R \0>)"  100  (1  - HI/48)  0<HI<48 
= 0 48  < HI  1152 


M/4  = 48 


M - 152 


Hla|,Ic/T  + HIBT/D  + ,UGT/D 

hic/t' h1bt/d-  hkWl*SxC 

Rjffr)  - Rating  {?»)  of  i1*1  viable  candidate  WMS  (independent  of  vessel) 

HI  - Hazard  index  for  physical  hazards  for  WMS  maintainor  due  to 
rotating  machenery 

HI^t  - Hazard  index  for  (black  water)  Collection^  Tran  sport  subsystem 
H»t/d-  Hazard  index  for  black  water  Treatmen/Dlapoxal  subsystem 
MW  - Hazard  Index  for  gray  water  Treatment/ Disposal  subsystem 

L - Likelihood  of  hazard  for  C/T  and  T/D  (black  or  gray)  subsystems 
S - Severity  of  hazard  for  T/C  and  T/D  (black  or  gray!  subayrosms 

C - Hazard  correction  for  C/T  and  T/D  

(black  or  gray)  mtaystem*  msd  wm*  wm$^ 

HI  M - Maximum  po*aib)c  value  of  HI  “ Arul*  tn*uu,  co« 

3 (4X4X4)  = 192  -p-~ —~ 

(Continued)  — 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systqni/Vessal  Combinations" 


WMS  GALLATIN 
# (370*) 


VIGOROUS 

(210‘) 


N 

N 

A 

N 

A 

N 

N 

A 

N 

N 

A 

N 

N 

A 

N 

A 

N 

FlKEBUSH  I PAMLICO  {WHITE  SAGE  {POINT  HERRON 
(180‘)  (160‘)  ' I (133’)  I (82‘) 


'aoo/b.b.a 

ISn  b.a 

92 

a, a, a, lb  ha 
/Kb.O 

92 

a, a, a/fab, a 

7 b,b, a 

92 

b.b,a/  b,b,« 

/ Rb,a 

?? 

b,  b,q/b,b,a 
/ b.b.a 

9? 

a.aa/hi.a 

/b>b,a 

32 

b.b,o./c,b,a 
/fa,  b.  a 

93 

b,b,a/c,b,a 
/ '.b.a 

79 

c,b,a/i,b,a 

/b.b.g 

83 

c.fe  ,a/  b,a,a 

/k  M 

25 

c,fe,a/b,a,a 

/M.a 

35 

c,b,a/fa,  b,a 
/•>>.«,.  .. 

93 

C,b,a/b,a,is 

/c,ba 

8! 



- — (- — 
N A 

N ’ A 


b,a,a/b,o.<j 
ba.a/kka  0n 

Zula_4-!L 

b.o.a/ ha,  a 44 

/C,ba  5 0 


N A 


N A 


N A 


Attribute  Dau- 


N/A  - Not  * viable  system/ vesael  combination 


I 


to*:.- 


l M 


IV  - 53 

Definition  and  Values  for  L 

(a)  No  chance  (L  =>  0) 

(b)  Highly  unlikely  (L  m 1) 

(c)  Fair  to  even  chance  (L  * 2) 

(d)  Hlgly  likely  (L  = 4) 

«*-  Definition  and  Values  for  S 

(a)  No  resultant  injury  (S  ■ 1' 

(b)  Results  in  Injury  of  low  to  moderate  severity  (requiring  first  aid 

or  limited  medical  treatment)  (S  = 2) 

(c)  Results  in  severe  injury  or  death  (S  = 4) 

Definition  and  Values  for  C 

(a)  Hazardous  situation  can  be  easily  corrected  (C  ~ D 

(b)  Hazardous  situation  is  difficult  to  correct  (C  « 2) 

(c)  Hazardous  situation  cannot  be  corrected  (G  ® 4' 

WMS  data  (independent  of  vessel)  is  given  In  the  form 

\ 1s 

Gray  water  Treatment/tMsposai  subsystem 
| Black  water  Treatment/Disposal  subsystem 
(Black  water)  Collectton/Trans^ort  si  bsystem 


HI 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 


M/E V - HABITABILITY 

Habitability  problems*  associated  with  bacterial  contamination  due  to 
WMS  inherent  design 


Etlectiveness  Rating  Function 

Rating  CJo) 


R = Min  (R_ Rl  , . RG 
WMS  ' C/T  T/D  T/D 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


'SvMS  - Rating  for  WMS  D 

RC/T  * I°r  (black  water)  C/C  subsystem 

RB^p-  Rating  for  black  water  T/D  subsystem 

RG  - Rating  for  gray  water  T/D  subsystem 
T/D 

Definitions  of  z^.  ZB^.  ZGT/p 


(a)  There  Is  iso  habitability  problem  associated  with 

bacterial  contamination  as  a result  of  W MS 
subsystem  Inherent  design  features. 

(b)  There  is  a habitability  problem  associated  with 

bacterial  contamination  as  a result  of  WMS 
subsystem  inherent  design  features . 

**"  * As  distinguished  from  problems  of  health  and  safety; 
likely  psychological  teactiona  of  users  are  a 
matter  for  consideration. 


Data  given  in  the  fotm  (not  vessel  dependent):' 


| C/T’  |BT/D’  |GT/d)  AtlrtbUle 
*c/T-  RET/.y  rgt/d  } **** 


Sc. 

-CC  Of  flj 

n 

MSD 

Anil. 

WMS 

Instill, 

Anal. 

WM5 

Con 

Anal. 

VIGOROUS 

FIREBUSH 

PAMLICO 

WHITE  SAGE 

POINT  HERRON 

(2 10’) 

(1801) 

(160*) 

. * * 

(133*) 

(82*) 

ai  a ja 

l.«,. 

IVV 

tjf  bla 

0 

a/b/a 

_0_ 

aj  bja 

0 

al  b(b 

0 

a/a/b 

J_ 

1 a/ b/a 

0 

n 

-a 

r. 

V 

al  ala 

100 

ala/ a 

100 

aj  ala 

loo 

fgQB[ 

_0_ 

a/a/b  1 

0 

a/a/a 

i oo 

ajaja 

ajaja 

100 

a!  ajb 

0 

<*/a'lb 

0 

ti/K  - 1'it  a viable  system/vessel  combination 


M&8L-W 


aMr.wwn;? 


P &f ill 


Etitctiveness  Rating  Function 

Rati*-;,  <°h) 


Min  (R 


RWMS  " ^"S  flX  WMS 


Attribute 


RC/T  " R*tlnS  A*  O'!*6!4  w*te:)  C/T  subsystem 
RB^^  * Rating  for  Mack  water  T/D  subsystem 
RCt/d  - Rating  for  gray  water  T/D  subsystem 


* As  distinguished  from  problem  of  health 
and  safety-,  likely  psychological  reactions 


of  usees  are  a matter  for  consideration. 


(Continued) 


fUJlCri  Of  \>J  U 

MSD  ] j WM$ 

A ail,  intuit,  Can 
AfUl.  Amt. 


Effectiveness  Attribute  Data  and  Ratings  for 


WMS 

# 


GALLATIN 

(370’) 


VIGOROUS  F1PEBUSH 
(210')  (180') 


PAMLICO  IWHITE  SAGE  POINT  HERRON 
(160*)  I (133')  (82*) 


a /a/a  ion 


80 


b/b  h 


b/b/a  SO 


b/b/b  80 


a/a/b  80 


k 'i/a  80 


b/t.a  I go 


a/a/a  I0O 


a /a/ a 100 


a /a/a  I f 00 


a/a/b  go 


d/a/L 


b/<j/d  g.. 


b/aA*  80 


b/a/fa  I 80 


b/a/b  80 


k>y<Vb  80 


p’ 

Pir-: 


K5"  • 


■■ 

»5':. 

P,;r 


p: 

V!' 


1 

I 

1 

Attribute  D«u— 

1 ^ Rating 

N/A  - Not  a viable  system/  veaei  combination 

143 

1 

L 

■F 

nr"  ■ * ma~rmz*r  'yf%m’*nrx 


SW-V.-W  -■»**#  W •»*-  f^n  t-< 


•mevn&ktitiT’’  4- • 


V - 12 


Data  given  in  the  form  (not  vessel  dependent): 

ic/r  VW  ^T/D. 


Z-*..  St.*,.  ZG.^}  Attrtbuto 


ri 

*cA’  rbt/d*  RC3t/d, 


R-„.  RB„^,  RGtA,}  Ratings 


Definitions  of  , ZBT/,p.  2<^«jyp 


(a)  A bacterial  contamination  problem  due  to  procedural  errors/equipment 
failures  of  WMS  subsystem  is  highly  unlikely. 


(b)  Procedural  errors/equipment  failures  of  WMS  subsystem  are  likely  to 
cause  a bacterial  contamination  problem. 


NOTE:  The  JZRED  MSD,  because  it  has  a vacuum  collection  system,  is  less 
likely  to  expose  personnel  to  sewage  In  case  of  a line  break;  the 
Chrysler,  however,  will  not  only  expose  personnel  to  sewage  but 
also  to  bacteria-contamlnated  oil;  the  GATX  is  more  likely  to  expose 
personnel  to  bacterial  contamination  due  to  its  pressurized  sewer 
lines. 


144 


Jr 

A 


l 


; -stsUst  ’feat  jrti/M i '7/*. 


i.'iR  ,,i  :>7a  -i 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E V - HABITABILITY < 

21  | WMS  fixture  comfort 

Effectiveness  Rating  Function 

Rating  flc) 


(a)  Commodes  and  urinals  are  comfortable  and 
easy  to  usek  even  under  ship's  motion. 

(b)  Commodes  and  urinals  are  not  comfortable 
and  not  easy  to  use  under  ship's  motion. 


Attribute 


Data  not  vessel  dependent. 


Aiul, 

ii i 
WMS 

Imtill. 

AlUi 

(s 

WMS 

«‘oi; 

Af'Al, 

/ 



.. 

Effectiveness  Attribute  Data  and  Ratings  for 


JWMSH  GALLATIN 
* 1 (3781) 


VIGOROUS 

(210') 


FIREBUSH 

(180') 


Viable  System/Vessel  Combinations 
PAMLICO  WHfTE  SAGE  IPOINT  HERRON 
(160*)  (133')  (82') 


N A 
N A 

N A 


n a q 

N A q 

N A o 

N a a 

N A (1 


N A 
N A 


n a a 

_n  _*_a_ 

N A a 


N A 
N A 


Attribute  D*w- 


__  J00_ 

„ M. 

I00_ 

j00_ 

ioo ; 

j00 

100 

J_00_ 

100. 

joo. 

M . 

ioo  

IQ0_ 

M___ 

i Pi. 

ioo 

Joo_ 

[iQol  I I 1 

N/A  - Not  a vleble  tyitem/veael  corn  bine  don 


N A 


N I A 


[I 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E V - HABITABILITY 


Flushing  procedure  requirements  for  WMS  fixtures 


Effectiveness  Rating  Function 
Rating  (%) 


(a)  There  are  no  "non-standard"  requirements 
for  flushing. 

(b)  There  are  "non-standard"  requirements 
for  flushing. 


Data  not  vessel  dependent. 


Attribute 


Soy 

MSI) 

AiuL 

of  Pj 
VVMi 

tmull. 

Anil. 

(a 

WMS 

Cot* 

Anal. 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systqm/Vessel  Combinations 


WMS II  GALLATIN  I VIGOROUS  FIREBUSH  I PAMLICO  {WHITE  SAGE  IPOINT  HERRON 
# (I  (378*)  I (210*)  (180‘)  I (160')  I (133’)  | (82') 


Attribute  Data 


N/A  - Not  • viable  tyitem/veuel  combination 


lUe-.uedAj  Jli  Jj,i . I 'mm*.  lUkUj ..dMLfci: 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SU3FACTORS 
M/E V - HABITABILITY 


Waste  Retention  in  WMS  commode  bowl 


Ettectlveness  Rating  Function 

RAting  tfo) 


100' 2 

95  I 


Acuibuie 


(a)  The  amount  of  waste  that  remains  i"  the  bowl  after 
flushing  is  less  than  that  remaining  after  flushing 
a standard  full  volume  water  flushed  fixture, 

(b)  The  amount  of  waste  that  remains  in  the  bowl  after 
flushing  is  the  same  as  that  remaining  after  flush- 
ing a standard  full  volume  water  flushed  fixture. 

(c)  The  amount  of  waste  that  remains  in  the  bowl  after 
flushing  Is  more  than  that  remaining  after  flushing 
a standard  full  volume  water  flushed 

MSI)  Vi  MS  WMS 

fixture  • Arul.  Install,  Con 

_ Anil,  Anal. 

Data  not  vessel  dependent.  ' ■' 


ectlveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WHITE  SAGE  POINT  HERRON 
(133*)  (82*) 


GALLATIN 

1 VIGOROUS 

FIREBUSH 

(378") 

J (210') 

(180’) 

Attribute  Data 


N/A  - Not  a viable  tyitem/ vessel  combination 


— \ ' 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E V - HABrTABUlTY 


24 

Likelihood  of  user  contact*  with  WMS  fixture  flushing  medium 

Rating 

i t 

Ettectlveness  Rating  Function 

(fy  (a)  User  is  unlikely  to  come  into  contact  with  flushing 

medium. 

a (b)  User  Is  more  likely  to  come  into  contact  with  flush- 

0 

ing  medium  than  with  standard  water  flushed  fixture. 

* Due  to  flushing  medium  composition  or  fixture  design, 

- motion  of  vessel  (which  may  cause  splatter,  splashing, 
or  spillage  of  flushing  medium)  WMS  concept  implementa- 
tion, equipment  failures,  or  operator  errors , Systems 
which  employ  a pressurised  sewer  line  (GATX)  or  oil 
return  line  (Chrysler)  are  more  likely  to  expose  person- 
nel to  fixture  flushing  medium  or  sewage  in 

*C  „ 

Source  of  Data 

base  ui  ci  lUiu  uiaoN* 

MSQ 

Anal. 

WMS 

Install. 

Aral. 

WMS 

Cost 

Anal 

Atrrihute 

Data  vessel  not  dependent. 

s/ 

| Effectiveness  i 

Attribute  Data  and  Ratings  for  Viable  Systqm/Vessel  Combinations  \ 

■kEESm 

VIGOROUS 

(210') 

FIRE  BUSH 
(180‘) 

PAMLICO 

(160-) 

WHITE  SAGE 
(133') 

POINT  HERRON 
(82') 

fa 

| 

a 

too 

2 

b 

G 

N 

A 

3 

N 

A 

b 

0 

N 

A 

in 

N 

A 

a 

100 

N 

A 

5 

N 

D 

N 

A 

a 

100 

N 

A 

6 

N 

A 

N 

A 

a. 

iOO 

N 

A 

in 

N 

A 

a 

100 

N 

A 

8 

N 

n 

N 

A 

a 

100 

N 

A 

9 

■ 

a 

100 

‘ 

10 

a 

100 

N 

A 

11 

N 

A 

a 

100 

12 

N 

A 

N 

A 

a 

100 

N 

A 

13 

N 

A 

N 

A 

a 

100 

N 

A 

14  | 

i 

b 

0 

15  1 

i 

b 

0 

N 

A 

16  1 

r 

b 

0 

17  I N 

D 

N 

A 

b 

0 

N 

A 

18 

A | N 

A 

b 

0 



N 

A 

i 


4 

l 

5 


Attribute  Dili 


Rating 


N/A  - Not  a viable  syitcm/vesel  combination 


148 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  V - HABITABILITY 


25  Appearance  of  WMS  fixture  flushing  medium 


Ettectiveness  Rating  Function 

Rating  fh ) 


(a)  The  color  and  general  appearance  of  the 
flushing  medium  are  as  acceptable  as 
clear  water. 

(b)  The  color  and  general  appearance  of  the 
flushing  medium  are  acceptable,  but  clear 
water  is  preferable, 

(c)  The  color  and  general  appearance  of  the 
flushing  medium  are  not  acceptable , 


Attribute 


Data  not  vessel  dependent. 


Source  of  Data 
MSD  WMS  WMS 

An*l,  install.  Cost 

Anal.  Anil. 


GALLATIN 

VIGOROUS 

FIRE  BUSH 

(378') 

(210*) 

(180*) 

WHITE  SAGE  POINT  HERRON 
(133*)  (82') 


Attribute  Gat* 


N/A  - Not  a viable  tyitetn/vessei  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTQRS/SUBFACTORS 
r V - HABITABILITY 


26  B Noise  produced  in  flushing  WMS  fixtures 


Effectiveness  Rating  Function 
Riting  f$>) 


(a)  The  noise  produced  In  flushing  is  less  than 
that  of  a standard  commode/urinal. 

(b)  The  noise  produced  in  flushing  fixtures  is 
the  same  as  that  of  a standard  commode/ 
urinal. 

(c)  The  noise  produced  in  flushing  fixture  is 
greater  than  that  of  a standard  commode/ 
urinal. 


Source  of  Pm 

MSD  1 WMS  WM$ 
Aiu\.  | Insult.  Cott 
I Anal.  Amt. 


N/A  - Not  * viable  tyitem/veisel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTO RS/SUBFAC TORS 


M/E V - HABITABILITY 


31  1 Odors  produced  as  a result  of  Inherent  WMS  design 


Ettectiveness  Rating  Function 

Rating  c£j)  o 


Attribute 


:tion  R = Min  (R.  RB_  RG_ ._) 

WMS v C/T  T/D  T/0 

R - Rating  for  WMS 

WMS 

^C/T  ” bating  lot  (black  water)  C/T  subsystem 
RB^/d  - Rating  for  black  water  T/D  subsystem 
RGt/d  " Rating  for  gray  water  T/D  subsystem 

Data  given  in  the  form  (not  vessel  dependent): 

Z„,„  . ZB__  , ZG ^ Attribute 

JC/T  J T/D  | T/D/ 

RB  RG  A Ratings 

C/T  T/D  T/D J * 

Definitions  of  Z_._.  ZB  , ZG 
C/T  T/D  T/D 

(a)  The  WMS  subsystem  produces  no  odor  as  a result  of  Inhere!  * 

design.  j K1SD  wm.s  \o:s 

(b)  The  WMS  subsystem  produces  a noticable  odor  as  a result  ami.  Co« 

Inherent  design.  ' An»L  Arul- 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


WMS 

# 


m 


FIRE  BUSH 
(180') 


PAMLICO 

WHITE  SAGE 

POINT  HERRON 

(160‘) 

(1 33  *} 

(82') 

B! 


N/A  - Not  a viable  system/ vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 

V - HABITABILITY 


32  1 Odors  produced  a result  of  procedural  errors/equlpment  failures  of  WMS 


Ettectlveness  Rating  Function 

Ruling  fio)  R 


Attribute 


1C  t ion  R = Min  (R  . RB  , RG 

I WMS  C/T  T/D  T 

Vms  " fud"s  f,ir 

R„  , , - Kiting  for  (black  water)  C/T  subsystem 

RBt/d  * Rating  for  black  water  T/D  subsystem 
R°T  'D  * for  gray  water  T/D  subsystem 

Data  given  in  the  form  (not  vessel  dependent): 

Z,_  , . Z8^  , Z.G  A Attribute 

4C/T  ^ T/D  J T/D J 

RB„,_  RCi  A Ratings 
C/T  T/D  T/D J * 

Definitions  of  Z„,  , ZB  , ZG 
C/T  T/D  T/D 

(a)  The  WMS  subsystem  produces  no  odor  as  a result  of 
procedural  errors  equipment  failures. 

(b)  The  WMS  subsystem  produces  a Doriceable  odor  as  a 
result  of  procedural  errors/equlpment  failures. 


Sourer  of  Pat  a 
MSD  TwikTTi WMS 
Anil.  instill.  Con 
Anil.  Anil. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


WMS  GALLATIN 
#11  (37H-) 


VIGOROUS 

(210') 


N A 


N A 


FIRE  BUSH 
(180*) 

b / b/  b 0 

kihLk. L 

b / b / b 0 
b / b/  b 0 
b / b / b 0 
b/b/b  0 
b/b/b  Q 
b/b/b  Q 
b/b/b  0 
b/b/b  0 
b/b/b  Q 

b/b/b To’ 
t>/  b/b  0 
b/b/b  0 
b/b/b  o 

b/b/b  o 

b/b/b  D 
b/b/b  0 


PAMLICO  IWHITE  SAGE  POINT  HERRON 
(160‘)  I (133*)  (82*) 


Attribute  Data- 


N/A  - No;  « viable  system/vesse!  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 

M/E V - HABITABILITY 


Heat  generation  for  nearby  personnel*due  to  inherent  design. 


Ettectiveness  Rating  Function 

Rating  (?j) 

lS  HF  = I X HI 


%v  C?>)  3 100  - ~ {HF  - 3)  3<HF£6 
0 6<  HF<12 


N = 3 M/2  = 6 


M=  12 


HI  = HI  + HIB  + HIG  , 

C/T  T/D  T/D 

RjvC5i)  - Racing  $<)  of  ith  viable  candidate  WMS  on  vessel  v 

HF  - Heat  factor  for  nearby  personnel  due  to  inherent  WMS  design 
and  installation 

I - Installation  index  (for  heat) 

HI  - Heat  index  for  WMS 

HI  . - Heat  index  for  (black  water)  Collection/Transport  subsystem 
C/  T 

H^t/D  Htat  in^ex  M*ck  water  Treatment/Disposal  subsystem 

HIG  -DHeat  index  for  gray  water  Tteatment/Disposal  Subsystem 

M - Maximum  possible  value  of  HF  = 2 (2  + 2+  2)  =12 

>1  - Minimum  value  of  HF  = 1(1  + 1 + 1)  = 3 f " scarce  ..■rp.-n 

MSD  WMS  T 

* For  operator/maintainer/adjacent  berthing  and 

working  areas.  i/:i  7'  I 


(Continued) 


essel  Combinations 


GALLATIN  j VIGOROUS  I FIREBUSH  I PAMLICO  . IWHTTE  SAGE  (POINT  HERRON 


(133') 


100 


100  la/ 


\oo\al 


0 W 


0 |b / 


100  a/ 


0 b/ 


loo 


100 


o I y 


loo  la/ 


b/ 


100 


100  ft/ 


b/ 


I0O 

a/ 

100 

a/ 

67 

W 

too 

a! 

(00 

al 

100 

al 

67 

w 

33 

b/ 

100 

al 

a/a/a/a  100  la/ 


a/d/a/a  loo 


a/a/b/b  33  | b/ 


lOoJa/d/a/d  1 00 la/ 


0 a/a/b/a  £7 


100 1 a/a/a/a  100 


N A a/ct/a/a  loo 


N A | a/a/l/b  33  | b/ 


100 

N 

0 

N 

100 

a/ 

0 

N 

Attribute  Dau- 


N/A  - Not  a viable  system/ vesse1  combination 


V - 41 


Definition  and  values  for  I 

(a)  Location  of  WMS  is  not  likely  to  raise  heat  level  due  to  , 

proximity  to  working  and  berthing  areas  (1=1). 

(b)  Location  of  WMS  is  like  to  raise  heat  level  due  to  proximity 

to  working  and  berthing  areas  ( I = 2 ).  < 

Definition  and  values  for  Hl_  HIfcr  HIG  , ■ < i 

_ C/T  i.  D t/D 

(a)  The  WMS  subsystem  does  not  generate  enough  heat,  as  a 
result  of  inherent  design  features  to  render  its  vicinity  hotter 

than  most  shipboard  areas  containing  machinery  (Hl^ 

higt/d  - 1) . 

(b)  " ha  WMS  subsystem  does  generate  enough  neat,  as  a 
result  of  Inherent  design  features  to  render  its  vicinity  hoUer 
than  most  shipboard  areas  containing  machinery  (Hl^, HID^y^, 

WM3/ves3el  data  is  given  in  the  form: 

KHIcA'  h1!W  h1gt/d 


•Not  vessel  dependent 


-•Vessel  dependent 


k :U  \F*Tu^'r jil^C 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  V - HABITABILITY 


Heat  generation  for  nearby  personnel*due  to  procedural  enors/equlpment 
failures  of  WMS 


Ettectiveness  Rating  Function 

Rating  (?„)  Hf 


100  h- 


HF  = I x HI 
HI  = HU,_ 


RlvC7o)  = 100  - — (HF  - 3*3<HF<6 


■ HIB  , + H1C  , 1 

•C/D  T/D 


1 6 <HF<12 


R ivfJ>)  * Rating ffu)  of  i*  viable  candidate  WMS  on  vessel  v 

HF  » Heat  factor  (or  nearby  personnel  due  to  procedural  etron/ 
equipment  failures  of  WMS  and  installation 
1 » Installation  index  for  WMS 

HI  - Heat  index  for  WMS 


HI^j,  - Heat  index  for  (black  water)  Collectlon/Transport  subsystem 


KIBt/d-  Heat  index  for  black  water  Treatment/ Disposal  subsystem 


HIG  - Heat  index  for  gray  water  Treatment/Disposal  subsystem 


- Maximum  possible  value  of  HF  ::  2 (2  + 2 1 2)  " 12 

- Minimum  value  of  HF  «*  1(1  + 1 + 1)  = 3 


M = 12 


Soiuf-'ti  nf  pan 

ian  I wms  j wms 

Anal.  Iiufiii,  Co:t 
Anal.  An.il 


H — L V * HF  * For  operator/»T»aimainer /adjacent  berthing  and  a ml  w 

o'  N=3  M/2  *6  M = 12  working  area*.  _ Ansi 

i ✓"  77 

! (Continued)  


Effectiveness  Attribute  Data  and  Ratings  for  Viable  SystgmAessei  Combination 

WMS II  GALLATIN  ["VIGOROUS  FIREBUSH  “|  PAMLICO  [WHITE  SAGFIpOINT  H 
# II  (378*)  {210')  (180')  I {160')  (133M 


a/a, a, a 

100 

a/ a,  a, a 

100 

ala,  b,q 

67 

(133') 


1 00  a/ 


100 


a/  ci, a, a 


100  a/ 


0 lb/ 


a/a.k.q 


a/ d.  b,  b 


100 


67 1 U 


100 


a/ 


N A j a/a.b.t  33  b/ 


100 1 a/ 


100 


100 


100  a/ 


0 lb/ 


0 


100  qj 

100 


0 


100 


100 


IOC 


0 


0 


100  al 


C | ala,  b,  a 


100  a/ 


0 


0 


loo  la/ 


0 


a/a.b.b 


100 


100 


o U/ 


N/A  - Not  a viable  s,  sii/vessel  combination 


fe 


V - 42 

Definition  and  values  for  ? 


(a)  Location  of  WMS  is  not  likely  to  raise  heat  level  due  to 
proximity  to  working  and  berthing  areas  (1=1). 

(b)  Location  of  WMS  is  like  to  raise  heat  level  due  to  proximity 
to  working  and  berthing  areas  (1  = 2). 

Definition  and  values  for  HI HIB^y  HIG^^ 

(a)  The  WMS  subsystem  does  not  generate  enough  heat,  as  a re:  ult  of 
procedural  errors/equlpment  failures,  to  render  its  vicinity  hotter 
than  most  shipboard  areas  containing  machinery  (HI 

higi/d  - l>  • 

(b)  The  WMS  subsystem  does  generate  enough  heat,  as  a result  of 
procedural  errors/equipment  failures,  to  render  its  vicinity  hotter 
than  most  shipboard  areas  containing  machinery  (Hl^yj,, 

WMS/vessel  data  is  given  in  the  form: 


1/H1C/r  H1W  HKvt> 


U 


Not  vessel  dependent 


•Vessel  dependent 


.»  I' 


"*t  - :=yL~-7~? 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  I’ACTORS/SUBFACTORS 
A V - HABITABILITY 


Noise  level  for  persoririeT  ii  vicinity  of  WMS 


Ettect> 

Rating  Ft) 


iess  Rating  Functior 


NF  -lx  N1 


\ FA)  = 100  ‘ ~~  (NF  - 3)  3<NF<  li 


NI  * NI, 


NIB  . i ,110 
T/D  T.I! 


1 52  < HF<24 


Rjvf,0)  * Rating  FA  of  iltl  viable  candidate  WMS  on  vessel  v 

NF  - Noise  fa  tor  for  nearby  personnel  due  to  WMS  and  installation 

I - Installation  index  (for  noise) 

NI  - Noise  index  for  WMS 

HI  - Noise  index  for  (black  water)  Couectlon/Transport  subsystem 

NB  - Noise  index  for  black  water  Tf  ea  tment/  D irposa  1 subsystem 

Hhi  - Noise  index  for  gray  watei  Trearment/Tilsposal  subsystem 

M * Maximum  possible  value  of  Nt  - I (4  * 4 Ml)  =24 

N - Maximum  value  of  NF  » )()  +1  + 1)  = 3 


M/2  = 12 


M - 24 


* For  opetator/malntainet/adjacent  worldug 
and  bcrtldng  areas. 


I Sftirr-Q  of  I)  If  1 

JMSTS’  ~|  win  I WMS 


Anil.  Tn>ull.l  Coti 
1 Aiul. 


(Continued)  *-• — J ' 

Effectiveness  Attribute  Data  and~Ratlngs  for  Viable  SystqinTvessel  'Combinations 

WMS  | GALLATIN  VIGOROUS  FIRE  BUSH  TpAMLICO  WHITE  SAGE  I POINT  HERRON 

_J (37R')  (210*)  (180*)  (160*)  (13  3')  (R?M 


(210*) 


(160*) 


1 

4 

oi 

100 

a/ 

iou 

a/a,  a A _ 

f=l 

100 

a! 

100 

2 

f*L 

LZL 

^ 

78 

78 

al 

21 

3 

CJ 

78 

N 

A 

a/  b,b,a 

78 

al 

IS. 

4 

LU 

78 

N 

A 

a/  b,b,a 

78 

aj 

21 

C 

s/ 

N 

A 

N 

A 

ay'  b,b,b 

67 

a! 

67 

6 

N 

A 

N 

A 

a/  a.ab 

89 

a / 

go 

7 

C' 

78_ 

N 

A 

a/  b,b,o 

7? 

a/ 

O 

O 

N 

A 

N 

A 

a/  b,b,b 

t>7 

a/ 

iz 

9 

a; 

89 

89 

b,a,a 

9i! 

ol 

S2 

10 

o.l 

78 

<v 

73 

a!  b(b,a 

78 

a/ 

I2_ 

11 

o! 

78 

N 

A 

a/fc,fa,a 

.Ii. 

al 

78 

12 

N 

A 

N 

A 

«/  b,a,b 

78 

al 

78 

13 

N 

A 

N 

A 

a/  fr,b.b 

67 

a/ 

*7 

14 

01 

89 

<V  . 

89 

a/  b,aA 

89 

jg/. 

8i 

15 

a/™ 

78 



7 8 

a/  Lb,  a j 78 

aj_ 

7fi 

16 

0.1 

t — ‘ — — ■ — — 1 

78 
1 

4 

78 

i- — 

(1/  b b,4  1 78 
— ^ — w 1 1 — 

9L:  _ 

■ii 

<13  3') 


~T7 


JillLLlIhM  U7|q/ 


ISpJL  - 

67  lb/ 


Anribo'.a  Data 


N/A  - Nor  a viable  syirerr./veucl  combination 


iV. 


fe 


l/Hli 


V - 5 


Definition  and  values  for.L 

(a)  Location  of  WMS  is  not  likely  to  raise  noise  level  due  to 
proximity  to  working  and  berthing  areas  (1*1) 

<b)  Location  of  WMS  is  likely  to  raise  noise  level  due  to  proximity 
to  working  and  berthing  areas  (1=2) 

Definition  and  values  for  N*c/r‘  ^IBT/D‘  ^^T/D 

(a)  Subsystem  is  silent  or  nearby  silent  (NI^,  NIBT/D*  NIGt/D  “ ^ 

(b)  Noise  level  of  subsystem  is  approximately  equal  to  background  noise 
level  of  vessel  (NI^,^,,  ^®T/D’  ^^T/D  ~ ^ 

(c)  Subsystem  is  very  loud,  produces  constant  noise,  drowns  out 
vessel  background  noise  in  immediate  area  of  the  system;  must 
shout  to  bs  heard 

WMS/vessel  data  is  given  in  the  form: 

:/NIc/r,  ^Vp,  NiGT/g 

L*-Not  vessel  dependent 
-•-Vessel  dependent 


1_5« 


-£fcu* 


6 | Vibration  levels  for  nearby  personnel*produced  by  WMS  machinery 


Effectiveness  Rating  Function 


Rating  (ft) 

A 


100  - 


VF  = lx  VI 

VI  = VI  , t VIB 

C/T  T/D 


P.  = 100  - — (VF  - 3)  3<VF<12 
= 0 12<  VFJ24 


RjvC5>)“  RatlngCfo)  of  i1*1  viable  candidate  WMS  on  vessel  v 

VF  - Vibration  factor  for  nearby  personnel  due  to  WMS  and  installation 
I - Installation  index  (for  vibration) 

VI  - Vibtation  index  fot  WMS 

VI  - Vibration  index  fot  (black  water)  Collection/Transport  subsystem 

C/T 

VI.  " vi*)ration  *oc  blatk  water  Treatmcnt/Dlsposal  subsystem 
VIGT/D  ' Vibration  Index  for  gray  water  Treacment/Disposal  subsystem 

M - Maximum  possible  value  of  VF  = 2 (4  t 4 * 4)  = 24 

N - Minimum  value  of  VF  = 1(1  + 1 + 1)  - 3 


M/5  =12 


* For  opera  tor /maintainor /adjacent  working  and 
berthing  areas. 


Source  jf  Din 

MSD  WMS  WNtf 
An^l.  jiuall.  Con 
' Anil.  Anil. 


(Continued)  L~x * 1 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Syst^m/Vessel  Combinations 


WMS  I GALLATIN  VIGOROUS  FIREBUSH  I PAMLICO  (WHITE  SAGE  POINT  HERRON 
# ! (378')  (210‘)  {ISO1)  I (160')  ' j (133')  (82') 


N A 


Attribute  Data— 


a/  o,  a± 


N/a  - Not  a viable  synem/veaiel  combination 


s 

V 

Tii 

I 

•| 

V - 6 * 

4 

i 

Definition  and  values  for  I s 

4 

(a)  Location  of  WMS  Is  not  likely  to  raise  vibration  level  due  to 

proximity  to  working  and  berthing  areas  (1  = 1)  ? 

(b)  Location  of  WMS  is  likely  to  raise  vibration  level  due  to 

proximity  to  working  and  berthing  areas  (1  = 2)  i 

Definitions  and  values  for  VI^^,  vi^t/D*  VIGT/D 

(a)  WMS  subsystem  produces  little  or  no  perceptible  vibration  In 

addition  to  background  level  on  vessel  V*Bt/d’  ^*Gt/D  **  ^ * 

(b)  WMS  subsystem  produces  perceptible  vibration,  but  similar  to  vessel 
background  <VJC/T'  VIBx/d*  VIGt/D  = 2*  * 

(c)  WMS  subsystem  produces  abnormal  & disturbing  intensity  and/or 
frequency  of  vibration  (VI^,^.  VIBx/D’  VIGT/t)  = 4^* 

WMS /vessel  data  is  given  in  the  form  : 

/‘c/r  vnW  v1gt/d, 

^♦■Not  vessel  dependent 


> — ► Vessel  dependent 


. '•'*  *-•■**' f****r'<‘_*\  *n_ ' ' ii  i i i :-,,...j".'-  'H  r"i‘r*i''^ 

EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
m/e  v - HABrrABiLrrY 


Effect  of  WMS  on  user  housekeeping  routines’ 


Ettectiveness  Rating  Function  R^g  = Min  (Rc/t,  RBt/d«  RGt/d) 

Rating  $>}  C L 

Hwms  ■ Ratlng  forV  :'4S 


Rc/T  - Rating  for  (black  water)  C/T  subsystem 
RRT/D  - Rating  for  black  water  T/D  subsystem 
^Gj/d  " Ratlng  *or  V^Y  water  T/D  subsystem 

Data  given  in  the  form  (not  vessel  dependent): 

■;CA  • |BT/D  • jGT/D>  A,trlbut9 

rc/t  ' rbt/d  • rgt/d)  Ratln9S  Si 


Attribute 


(Continued) 


Suuic*  of  Data  _ 

MSP  WMS  WMS 

AiuL  Iniull,  Con 

Anil.  Anil. 


GALLATIN 

VIGOROUS 

(378') 

<210') 

PAMLICO 

WHITE  SAGE 

(160') 

(133*) 

a,a,  a 

100 

t» , b,  a 

0 

A 

b , b,  a. 

0 

A 

a,  a,  a 

1 00 

A 

a,  a,  a 

100 

a 

100 

A 

a,  a,  a 

100 

A 

<*.  a,  a 

iOO 

a,  a,  a 

! 00 

a,  a,  a 

100 

A 

a , a,  a 

(00 

A 

a,  a,  a 

(00 

a,  a,  a 

100 

a,  a,  a 

(00 

a,  fc>,  a 

0 

A 

a,  <\  a 

100 

A 

a,  a,  a 

100 

— Rating 


N/A  - Not  a viable  system/ vetsel  combination 


V - 7 


Definitions  of  Zc/T  , ZB^D , ZGT/,D 

(a)  WMS  subsystem  characteristics  have  no  effect  on  user  housekeeping 
routines.  Applies  toCHT,  JERED,  and  Grumman.  (If  a very  large 
amount  of  detergent  is  deposited  in  the  CHT,  some  foaming  may  result.) 

(b)  WMS  subsystem  characteristics  have  an  effect  on  user  housekeeping 
routines.  Applies  to  the  Chrysler  and  GATX  MSDs. 

NOTES:  1,  Detergent  should  not  be  dumped  into  fixtures  associated  with 
the  Chrysler  C/T  and  T/D  subsystems. 

2.  Detergent  is  very  likely  to  cause  foaming  in  evaporator. 


102 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E VI  - RELIABILITY 


Failure  frequency  index  for  W MS  (relative) 


Etlectiveness  Rating  Function  = 100 - 100 

My  My 

Rating  (%)  L ^ - 

Sivflt)  ' Rating  $i)  of  i"1  viable  candidate  WMS  on  vessel  v 

Rj  - failure  frequency  index  of  1th  viable  WMS  candidate  on  vessel  v. 

Flj  is  the  estimated  number  of  failures  based  on  projected  WMS 

\ utilisation 

My  - Maximum  value  of  FIj  for  all  viable  WMS  candidates  on  a given  vessel  v 


0 100  _ 100 
My 

Effectivenes s Attribute  Data 
WMS  II  GALLATIN  VIGOROUS 
# (3781)  (210’) 


SoufCB  Of  Ottt 
MSD  WMS  | WMS 

AtuL  Insull.  Com 

Anil.  A*ul. 


U 

96 

24 

94 

68 

88 

30 

92 

74 

87 

N 

A 

<4 

92 

N 

A 

N 

A 

N 

A 

N 

A 

N 

A 

44 

92 

N 

A 

N 

A 

N 

A 

547 

3 

39b 

1 

562s 

0 

399 

0 

562 

0 

N 

A 

N 

A 

N 

A 

N 

A 

N 

A 

197 

65 

NO 

72 

2o3 

64 

119 

70 

2 1 2 

62 

! >3 

72 

and  Ratings  for  Viable  SystQm/Vessel  Combinations 
FIRE  BUS  H PAMLICO  |v/HITE  SAGE  [POINT  HERRON 
(180*) (160’)  | (133’)  (82‘) 


jfc M 

_26 J± 

26  74 


_U 76 

JA 2i 

_27 73 

U 76 


N A 
N A 


n. 

51 xZ 

_58 79 

55  80  ] 


39 6l_ 

56  44 


4?  1 5) 


Attribute  Daia- 


N/A  - tdor  a viable  syttem/vessel  combined' m 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 


M/E 


VI  - RELIABILITY 


21 


WMS  complexity 


Ettectiveness  Rating  Function 


100 (CI  -4) 


4lci  <20 


100  — 


■K SB 

iHli 

RHI 

wmm 

H 

■ 

a 

mi 

■ 

■ 

B 

■nS 

mm 

mm  M 

mm 

mm 

mm  ■ 

CI 


CI 


C/T 


■ CIB  . + CIG,.  . 
T/D  T/D 


Rjfvo)  - Rating  (•?»)  viable  candidate  WMS  (independent  of  vessel) 

Cl  - Complexity  index  of  ith  viable  candidate  (independent 
of  vessel) 

Complexity  index  of  WMS  (black  water)  Collection/ 
Transport  subsystem  based  on  a complexity  ranking. 


ci 


C/T 


N = 4 


M ■'JO 


CIB  - Complexity  index  of  WMS  black  water  Treatment/ 

' Disposal  subsystem  based  on  a complexity  ranking. 

CIG^.  _ - Complexity  index  of  WMS  gray  water  Treatment/ 

' Disposal  subsystem  based  on  a complexity  ranking. 

M - Maximum  value  of  Cl  for  any  WMS  (independent  vessel) 
3 (5)  ♦ 5 ♦ 5 - 20 

N - Minimum  value  of  Cl  = 2 + 1 + 1 * 4 
Data  given  in  the  form  (not  vessel  dependent) 


CI 


C/T 


cm  . . cig_ 

T/D  T/D 


L $oufcj  Pjt4.  . 1 

MSD 

WMS 

WMS 

Anil. 

to*uU. 

Co* 

Anal. 

Anal. 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  SystQrn/Vessel  Combinations 


WMS 

# 


GALLATIN 

(378*) 


VIGOROUS 
(210 ') 


N 


N 


FIREBUSH 

(180*) 


JLis-L 


_LAL 


i^A. 


100 


63 


56 


63 


PAMLICO 

(160') 


WHITE  SAGE 
(ldd5) 


POINT  HERRON 
(82 ') 


N 


N 


_N_ 

N 


N 


N 


10 


11 


12 


13 


14 


IS 


Hi 


38 


N 


N 


U.5 


75 


N 


N 


2,5.  I 


63 


N 


N 


N 


2,5,  5 


38 


N 


5,  I.  I 


50 


■luLi 


38 


N 


N 


5,  2.1 


44 


N 


N 


5,  I,  5 


25 


N 


N 


N 


5.  5,  5 


N 


4,  I.  I 


03 


4 1 3,1 


So 


N 


16 


4,  2,1 


56 


17 


N 


N 


4.  1.5 


38 


N 


18 


N 


N A 


4,  5,5 


13 


N 


Attribute  Data- 


Rating 


N/A  - Not  a viable  tyitem/vcsscl  combination 


It.  4 


^Urr*'-  £-**•£' 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 


VI  - RELIABILITY 


22  I Extent  of  WMS  configuration  redundancy 


Effectiveness  Rating  Function 

Rating  (*) 


R^flb)*  10  z o<zii 


100  4 - 


j 

/ 

o-fi — 


Z = S Z JZ  +3  zb  , +2ZG 

C T T/D  T'D 

R^y Ck)  - Rating  fft)  of  viable  candidate  WMS  on  vessel  v 

Z • Confer  oration  redundancy  index  for  WMS 

Z^  - Configuration  redundancy  index  for  (black  water)  waste 

Collection  portion  of  WMS  (i.  e. . more  than  one  commode  ) 
ZT  - Configuration  redundancy  index  for  (black  water)  waste 
Transport  portion  of  WMS' 

ZB^p-  Configuration  redundancy  Index  for  WMS  black  water  T/D 
Subsystem 

ZGt/d-  Configuration  redundancy  index  for  WMS  gray  water  T/D 
subsystem  _ 


1 Maximum  possible  value  of 
Z - 5(1)  ♦ 3(1)  ♦ 2(1)  = 10 

(Continued) 


WMS 

« 


VIGOROUS  FIREBUSH  I PAMLICO 

(210')  (180*)  I (160’) 


Source  of  Dau 

USD  WMS  WMS 

AaiL  lniuu.  Cost 

Anal.  An*l. 


POINT  HERRON 
(82') 


HI 


a.aiala  JiCOf  a, a/a! a 


0.  t'ii.'/Cv 


N I /.  j d,  aj  LI  a 


100  | a,  a!  U a | Jo  I a,a|b|a 


14  la,  a o|a 


l00|o,a/a/a  100 


IS  I a,  alb/a  | 70  | a,  a/b/a  j jo  I a,  a'bia 


I CO  I a,  aj  ala 


0 j a,  bj  b J a 


20  I a,b|bja 


a,  a|b|a 


100 1 a,  a|Ub 


100 1 a,  afa |b 


a,  a/b|a  70 1 a,  a|b|a 


a.alala  1 00  I a a/bl  b 


lOOl  a,  biala 


a,  blt/a 


a.alaU  100 1 a, b/b/a 


a.ajaja  100  I a.b/a/b 


<x,alal b 80 1 a,  b/b/b 


100  I a,  ala! a 


a,  alb/ a 


100  I a,  a|ala  1 100  I a.  a/a  / b 


100  I a.ajala  IOOJ  a,aiaia  |0£) 


a,  al a/ b 


a.a/aib  80 1 a,  a/b|b 


80|a,  a|a|b  I 80 


701  «l,  a/bla  70 


5q 1 a,  a/b/b  5o 


50  I a,  b/a/a  5o|  a,  b/a/a 


20 1 a,  b/bia  20  * 


2D  I a,  b/b/a  | 20 1 a b|bla 


30  a,  b/b/b 


0 I a,  b/ b/b 


1001  a,  <»/a/a  I00|  a.a/u|<t. 


a,  a/b/a  I 70i  I> 


a, a | b|a 


70 1 a,  a/b/a 


801  a,  a/a|b  80 


50  a,  albjb  50 


VI  - 22 


Data  given  In  die  form: 


Z.  Z /Z0  . /ZC,,..,, 
C T T/D  T/D 


Definition  and  values  for  Z.  Z.  ZB_  . , ZG_,_ 
C T T/D  T/D 


(a)  There  U configuration  tedundancy.  i.e. , failure  of  any  one  equipment  will  i i »esult  In  the  failure  of 

the  subsystem  (Z„.  Z„,  ZB„, /TV  ZG_  ■ 1). 

■ ' C T T/D  T/D 

(b)  There  la  no  configuration  tedundancy,  l.e. . failitte  of  one  equipment  will  result  to  the  failure  of  the 
subsystem  (also  applies  If  no  subsystem  available,  e.  g. . a holding  tank  with  0 capacity). 


Note: 


(Z  . Z . ZB  . ZG  *01 
' C'  T T/D'  ^T/D  } 

In  determining  subsystem  redundancy,  the  following  criteria  were  utilized: 

Collection  Subsystem 

. All  ships  with  two  (2)  or  more  commodes  are  considered  to  have  collection  subsystem  redundancy. 

Transport  Subsystem 

. All  W MS  with  CHT  oc  Grumman  treatment  /disposal  ate  considered  to  have  transport  redundancy. 

, All  W MS  with  Chrysler  collection  are  considered  to  have  transport  redundancy  only  If  two  or  more 

Chrysler  systems  are  specified  (since  failure  of  treatment  subsystem  result  in  unavailability  of 
purified  oil  for  flushing). 

. All  W MS  with  GATX  collection  are  considered  to  be  redundant  only  if  two  or  more  M/T  pumps 
ate  specified, 

, AU  WMS  with  JERED  collection  are  considered  to  be  redundant  if  one  (1)  or  more  large  boat  VCT's 
are  specified  (two  pumps  for  each  large  boat  VCT)  ot  two  (2)  or  more  small  boat  VCT's  are  specified 
(one  pump  for  each  small  boat  VCT). 

Trcatment/PUposal  Subsystem 

. All  WMS  with  CHT  subsystem  for  black/gray  water  are  considered  to  have  redundant  T/D  subsystems. 

. All  WMS  with  Chrysler  treatment  subsystem  for  black  water  are  considered  to  have  redundant  T /D 

subsystems  only  If  two  (2)  oc  more  Chrysler  units  arc  specified. 

All  WMS  GATX  treatment  subsystem  black  water  are  considered  to  have  redundant  T/D  subsystems 
only  If  two  (2)  or  more  evaporatots  are  specified. 

, All  WMS  with  Grumman  treatment  subsystem  for  black/gray  water  are  considered  to  have  redundant 
T/D  subsystem  only  if  two  (2)  ot  more  Grumman  units  are  specified. 

. All  WMS  with  JERED  treatment  subsystem  for  black  water  are  considered  to  have  redundant  T/D 
subsystems  only  If  two  (2)  ot  more  inclne.ato  are  specified. 

1 bb 


23  > Extent  of  WMS  equipment/component  redundancy* 


Effectiveness  Rating  Function 

Kiting  Cvt) 


R,(%)  = 10  Z 0<  Z < 10 


= 5 ZC/T  * 3 ZBT/D  + 2 ZGT/D 

Rj(%)  - Rating  (%)  of  i1*1  viable  candidate 
WMS  (independent  of  vessel) 

Z - Redundancy  index  for  WMS 
Z , - Redundancy  Index  for  WMS  (black 

water)  C/T  subsystem 
ZB  Redundancy  index  for  WMS  black 
water  T/D  subsystem 
ZG^  Redundancy  index  for  WMS  gray 

' water  T/D  subsystem  

(Continued)  7£dT*«*  T 


Any  redundancy  in  electronic 
circuitry  is  not  considered. 


WMS  WMS 
lAfUll,  Cost 
Anal.  Ami. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systqm/Vessel  Combinations 


WM3H  GALLATIN  I VIGOROUS  FIREBUSH  I PAMLICO  |WHITE  SAGE  [POINT  HERRON 
# 1 (378*)  I (210')  (180‘)  I (160’)  I (133’)  (82*) 


a, a, a 100 


a,  b, a 


a,  b,a 


a , o. , a 


a,  a,  a 


a , a.  a 


a , b,b 


a,  a.  a 1 100 


a.  a.  a 


N|A  |ab.b 


a.  a,  a 


a.  a,  a 


Attribute  D»u 


N/A  - Not  * viable  tyuein/ venei  combination 


VI  - 23 


Data  given  in  the  form  (not  vessel  dependent): 

ZC/T  ’ ZBT/D  ’ zgt/d 

Definition  and  values  forZr/r<  ZBt/d>  ZGT/p 

(a)  There  Is  some  significant  redundancy  in  the  WMS  subsystem's  major 
components  CZc/T<  ZB^^,  ZQ^  = 1) 

(b)  There  is  no  significant  redundancy  in  the  WMS  subsystem's  major 
components  (Z^,  ZB^,  ZGT/p  = 0) 
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EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  VI  - RELIABILITY  


Degree  of  equipment  failure  Independence 


Effectiveness  Rating  Function 
Rating  f%) 

loo ^ 


Ri  (%)  - ' 


0<Z  <28 


2*4Z._+2  2B„  ♦ ZG,.  ^ 

C/T  T/D  T/D 


Rj  (4k)  - Rating  (4b)  of  l^t  viable  candidate  WMS  (independent 
of  veaael) 

Z « Failure  Independence  Index  for  WMS 

ZB  - Failure  Independence  index  for  (black  water)  C/T 

C/T  nbiyttern 

ZB_  - Failure  Independence  index  for  WMS  black  water 
T/D  tubiyitem 

ZG  . - Failure  independence  Index  for  gray  water  T/D 

tubryttem 

M - Maximum  pofdble  value  of  Z =4x4  *2x4  *4  = 38 
* I.e. , failure  of  one  item  will  not  rerult 


.J: 

/ 

in  failure  of  major  component  or  iu 
ayttem. 

b* 

elQiUi 

USD  WMS 

WM9 

z 

M * 38 

( 

Continued) 

A Mi  UtoUll. 

^ AmI,  ^ 

Anal. 

WMSl 

* 

Effectiveness 

GALLATIN 

(378') 

ittribute  Data  and  Ratings  fc 
VIGOROUS  FIRE  BUSH 

(210')  (180*) 

>r  Viable  S 
PAMLICC 
(160’) 

yst< 

m/Vessr;l  tom 
WHITE  SAGE 
(1 33 ') 

iblnatlons 
POINT  HERRON 
(82') 

1 

a.Lk 

79 

2 

a.kb 

JL 

N 

A 

3 

N 

A 

d.b.b 

79 

N 

A 

4 

N 

A 

a,c> 

*4 

N 

A 

5 

N 

A 

N 

A 

a.C,C 

57 

N 

A 

6 

N 

A 

N 

A 

a,b,c 

7| 

N 

A 

7 

N 

A 

a,c,b 

64 

N 

A 

8 

N 

A 

N 

A 

a,c,e 

[ii 

N 

A 

9 

C.b.b 

21 

10 

C,C(b 

7 

N 

A 

11 

N 

A 

C,b,b 

12 

N 

A 

N 

A 

C,b,C 

14 

N 

A 

13 

N 

A 

N 

A 

C,c(c 

0 

N 

A 

14 

b^b 

50 

15 

b,  c,b 

N 

A 

16 

b.b.b 

50 

17 

N 

A 

N 

A 

b(b(C 

4-3 

N 

A 

18 

N 

A 

N 

A 

b,c,c 

%? 

N 

A 

Attribute  Dau- 


N/A  - Not  a triable  tyitem/vetael  combination 


f-~, 


i 

; I 

VI  - 24 

! Data  given  in  the  form  (not  vessel  dependent): 

zcA‘  zbt/d'  zgt/d 

Definition  and  values  forZ^^,,  ZB^^y  ^T/p 

i 

: i (a)  There  is  high  degree  of  equipment  failure  independence  in  WMS 

subsystem  (Z^,  ZB^.  zgt/d  * 4) 

{ r : ... 

| (b)  There  is  a moderate  degree  of  equipment  failure  Independence  in 

WMS  subsystem  (Z^.  ZB^^.  ZG^D  « 2) 

i ! i 

(c)  There  is  a low  degree  of  equipment  failure  independence  in  WMS 

f 

subsystem  (Z ZB^^,  ZGJ/D  * 0) 

; ’ ;i 


M/E 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTOFS/SUBFACTORS 

VI  - RELIABILITY 


25 


Adequacy  of  WMS  equipment  ratings 


Effectiveness  Rating  Function 
Radnc  f,v) 


too  4 


0£2  < 70 


2 - 4 ZCA  + 2 2bt/d  + 2gt/d 

RiC*>)  - Rating  (%)  of  ith  viable  candidate  WMS 
(independent  of  vessel) 

2 - Equipment  rating  Index  for  WMS 

2BC/T"  Equipment  fattng  index  for  (black  water) 


C/T  subsyste 


m 


2Bt/d-  Equipment  rating  Index  for  WMS  black 
water  T/t>  subsystem 


T/D  subsystem 

M - Maximum  possible  value  of 
Z - 4(10)  +2x10+10-70 
(Continued) 


I 

i stafB* 

|MSD 
| A«s: 

\ ___ 

Iff 

WMS 

Co at 

Anti. 

Lw ' 



Effectiveness  Attribute  Data  and  Rati^gir7o7 Viable  System/VesWl Combinations 


WMS 

# 

GALLATIN 

(378’) 

VIGOROUS 
(21  O') 

FIREBUSH 

(180*) 

PAMLICO 

(160*) 

WHITE  SAGE 
(133*) 

POINT  HERRON 
(82*) 

1 

b,b.  b 

80 

HMI 

B 

2 

b,c,b 

19 

1 

fl 

N 

A 

3 

N 

A 

b.c.b 

63 

1 

■ 

N 

A 

n 

N 

A 

b,C,b 

m 

N 

A 

s 

N 

A 

N 

A 

b,c,c 

54 

N 

A 

6 

N 

A 

N 

A 

.b(b  c 

71 

N 

A 

m 

N 

9 

fc,c,b 

63 

N 

A 

8 

N 

A 

N 

B 

IB 

54 

N 

A 

9 

b,b,b 

80 

10 

■ 

b.b.b 

80 

N 

A 

11 

■ 

N 

A 

b,b,b 

80 

Bl 

12 

N 

A 

N 

A 

fc,b,  C 

HI 

N 

m 

13 

N 

A 

N 

A 

b,b,  c 

n 

N 

A 

14 

|| 

b,b,b 

80 

B 

|| 

IS 

BjjjSW 

■ 

b,b,b 

80 

a 

Igjjgjg 

N 

A 

16 

■ 

B 

b,  b,  b 

80 

■ 

17 

N 

D 

N 

b,b,C 

71 

■ 

N 

A 

18 

L n 

A 

N 

B 

b,b,C 

O 

□ 

N 

B 

Attribute  Dau- 


Rating 


N/A  • Not  & viable  tyitem/venel  combination 


171 


*"3 

* 

.1 

j 


VI  - 25  .,  ( ‘ < V ‘ 

' ••■  ( < V V 1 • 

Data  given  in  the  form  (not  vessel  dependent):  ; ' ■ ,<‘. 

ZCA*  ZBT/D’  2GT/D  , ; 

f.  ' ' * : < 

Definition  and  values  forZ^^,  ZB^yp,  ZGTy^  •/  , , < • 

(a)  Most  WMS  subsystem  equipments  are  overrated  , 

«CA- ZW  zgt/d  ■ 10) 

> " / 

(b)  Some  WMS  subsystem  equipment  ratings  are  nominal,  some  are  overrated 

^cA*  zbt/d*  zgt/d  “ 

(c)  Some  WMS  subsystem  equipments  are  underrated,  some  are  nominally 

• reted  ac/r  ZIW  zgt/b  " 2!  '•  ■ ’ 

(d)  Most  WMS  subsystem  equipments  are  underrated 

«or  ZW  zgta  - 0) 
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EFFECTIVENESS  RATINGS  TOR  ELEMENTARY  rACTOKS/S u bFA c to rs 
M/C __ VI-REEIABIE1TY 

26  Provisions  for  fault  actuated  cut-off  mechanisms*  for  WMS  protection 


Extectiveness  Rating  Function 


«*<*»'  TT  Z 0<2<2£ 


Rating  CT-) 

I 

I 

toq  -f •- 


ia4Zc/T,:V^rD 


RjC^b)  * Rating  il*)  of  Ith  viable  candidate  WMS  (Independent  of  vessel) 

Z - Fault  actuated  cut-off  mechanism  index  for  WMS 

.2  - Fault  actuated  cut-off  mechanism  index  fur  (black 

. . ; ' water)  Collection/Transport  subsystem 

28  - Fault  actuated  cut-off  mechanism  index  for  WMS 

T / D 

black  water  TteatmenVDltpesal  subsystem 
ii'  ryp  " Fault  actuated  cut-off  mechanism  Index  fot  gray 
water  Treatment/ Pliposal  subsystem 
M - Maximum  possible  value  of  2 - 4 x 4 ■»  2 x : 4 * 4 5 US 

Data  given  In  the  form  (tut  vessel  dependent): 


M ’ 28 


Zcr  iBT/D’  Z°T/U 


(Continued) 


Pm 

MSD  WMS  WMS 

Anal.  toiiAii.  Com 

A<ul.  Anal. 


ectlveness  Attribute  Data  and  Ratings  for  Viaole  System/Vessel  Combinations 


WMS  j GALLATIN  VIGOROUS  FIRF.BUSH  I PAMLICO  IWHITE  SAGE  {POINT  HERRON 
# fl  (378*)  (210'}  (180')  I (160*)  | (133')  | (82') 


Attribute  Dau- 


N/A  • Not  a viable  lyttern/ vessel  combination 


SC. A r kM-iii  L .-i* . ll  .i^Ji  . biiulii  kilsjiti. 


VI  - 26 


Definition  and  values  forZ^,  ZBT/p,  ZG,^ 

(a)  There  are  many  fault -actuated  mechanisms  In  WMS  subsystem,  or  they 
are  not  required  t <ZC/T>  Z8t/d»  ZBt/D  " ^ 

(b)  There  are  some  fault -actuated  mechanisms  in  WMS  subsystem 

(ZC/r  zbt/d-  zgt/d  * 2) 


(c)  There  are  no  or  almost  no  fault-actuated  mechanisms  In  WMS  subsystem 


<zc/r*  zbt/d*  zc,t/d 


0) 


*_  Include  mechanisms  to: 

(1)  Alert  opera tor/mulntainer  to  high  stress  or  abnormal  condition  that 
will  result  In  failure. 


(2)  Correct  those  conditions  or  turn  off  equipment, 

t E.g,,  standard  commodes  and  urinals  In  a gravity  drain  sewage  collection 
subsystem  do  not  require  fault  actuated  cut-off  mechanisms. 


17<1 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 


VI  - RELIABILITY 


Reliability  risk  forWMS 


Ertectivenc-s  Rating  Function 
!UUng  (ft) 


•tj  (fr)  m 100  - —p (Z*T)  7<Z<S8 


ion 


2 - 4 Z„  * + 2 ZB  .+ZG  ^ 

CA  T/D  T/D 

Rj(%)  - Rating  (%)  of  Ith  vlablo  WMS  (Independent  of  vessel) 

Z - Reliability  risk  Index  forWMS 

2^,^,  * Reliability  risk  Index  for  (black  water)  CA  subsystem 

.ZB^  - Reliability  risk  Index  for  WMS  black  water  T/D 
subsystem 

ZGt/d  - Reliability  risk  index  for  gray  water  T/D  subsystem 

\M  - Maximum  possible  value  of  Z * 4x4+2x4+4  ■ 28 
N - Minimum  value  of  Z * 4+2+1  * 7 , 


°ir rj — rr — — * Innovative  design,  experience, 

y N ■ 7 Z M * 

Arp 

(Cont'd.) 


ectiveness  Attribute  Data  and  Ratings  for 


WMS  11  GALLATIN  VIGOROUS  FIRE  BUSH  I PAMLICO  IWHITE  SAGE 
# R (378')  (210')  (180')  (160*)  | (133’) 


USD  WMS  WMS 
AnaL  I tntuu.  Cam 

1 Aiul.  Anal. 


B 


Anributa  Data 


N/A  - Not  a viabla  lyttem/vaiMi  combination 


VI  - 3 


Data  given  in  the  form  (not  vessel  dependent): 

ZCA*  zbt/d  ' 2GT/D 
Definition  and  values  forZ^y^,  ZBT/<D> 

(a)  WMS  subsystem  has  a history  of  fair  or  better  test  results 
^CA*  ZBT/D'  2GT A)  " 

(b)  WMS  subsystem  has  a history  of  poor  test  results 
(ZCA-  z W zgT/d  ' 4> 


<c)  No  test  results  are  available  for  WMS  subsystem 

^CA  ’ 2bt/d  * 2gt/d  “ 3) 
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effectiveness  ratings  for  elementary  factors/s u reactors 


VII  - MAINTAINABILITY 


Frequency  of  WMS  corrective  ma 


tntenance  (CM)  actions  (failure*  frequency-  ruin  live)  1 


Etteetlvoness  Rating  Function 


" lt5°  ' i00~  Q-  **  - to 


Rjuii^  <>;;•) 


I ... "iJ Mil 

- Rating  ('%)  of  i"1  viaMa  vAndiJatr  WMS  on  vowel  v 

R.  - tJdmated  annual  number  of  rcpolti  btr  the  i1*1  viable  candidate 
WMS  on  veaacl  v baaed  on  projected  H MS  utilization, 

My  - Maximum  value  of  K(  for  all  viable  WMS  candidates  for  a 
elven  vessel  v, 


Im”>  ^ V\|G 

Altai.  l.unn 

| . A jl. 


WMS  |J  GALLATIN 
# fl  (378*) 


ta  an 


VIGOROUS  FIRE  BUSH 
(210')  (ISO') 


PAMLICO 

(160‘) 


/Vess 


WHITE  SAGE 
(133') 


30  |92 


H3  72 


N/A  - Nor  a viablt  ryttem/vwsel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  r ACTORS/SUBFACTORS 
M/E VII  - MAINTAINABILITY 


12  | Man-hour  and  skill  level  requirements  for  W MS  CM  actions  (relative! 


Effectiveness  Rati  no  Function 

a jure 


Rjv  (1>)  = 100  - 100  0<CMLt  < x Q 

1 - VyJ  ..  K.V 

* Rating  (7>)  of  l1*1  viable  candidate  WMS  on  vessel  v 

CMLj  - Estimated  annual  CM  labor  cost  ($/Year)  for  s*6  viable 
candidate  WMS  on  v easel  v based  on  projected  WMS 
utilization 

- Maximum  value  of  CMl.j  for  all  viable  WMS  candidates 
for  a given  vessel  v 


S£" 

sesd 

Anal. 

uc«  of  Dau 

WMS  WMS 

Instill.  Con 
Anil.  Anil. 

=ZJ 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systqm/Vessel  Combinations 

WMS 

XL 

It 

GALLATIN 

(378‘) 

VIGOROUS 

(210’) 

FIREBUSH 

(180') 

PAMLICO 

(160‘) 

WHITE  SAGE 
(133') 

POINT  HERRON 
(82  ■) 

1 74  94 


m 78 


642  78 


129  I 96 


N 


N 


154  95 


N 


1358  54 


1440  51 


1419  1 52 


N 


N 


28  6 8 


98  94 


257  83 


N 


N 


N 


N 


N 


N 


979  35 


996  34 


N 


N 


N 


14  83  l 


I S00 


9S 


240  66 


240  65 


58  92 


69 


69  90 


7*  90 


113  84 


634  II 


641  ■ 10 


695 


632  io 


79 


662 


669 


(71^ 


55  90 


228  58 


233  57 


89  84 


79  86 


79  86 


125  77 


116  79 


189  I 66 


57 


23 


207  62 


223  59 


250  54 


487 


534 


505 


52) 


1 5 48) 


92 


240  51 


242  51 


57  «S 


54  89 


57  88 


73  85 


68  86 


172  65 


192  61 


179  I 6 4 


194  63 


194 


30  90 


N 


483  2 


49~V>  I 0 


97 


N 


99 


N 


N 


295 


N 


(297) 


N 


N 


s 


r 


Attribute  Dau- 


N/A  ••  Not  a viable  system/ vessel  combination 


■rrr 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/S  UBrACTORS 


M/E VII  - MAINTAINABH.H 


131  9 Accessibility  of  replaceable  WMS  components 


Effectiveness  Rating  Function  R^So  - 100  - (af  - o g<af<  x 


Rating  (l',o) 


AF  = I x A 

A - 3 A . +2/3  , *AG,Irs 

C/T  T/D  T/D 

RjvCv»)  - Rating  ffr)  of  viable  candidate  WMS  on  vessel  v 

AF  * WMS  and  installation  accessibility  factor 
1 - Installation  index  (for  accesibility) 

A - WMS  accessibility  index 

A^^,-  Accessibility  index  for  WMS  (black  water)  Collection/ 
Transport  subsystem 

ABt/d-  Accessibility  index  for  black  water  Treatment/ 
Disposal  subsystem 

.A^T/D  Accessibility  index  for  WMS  gray  watet  Treatment/ 


WMS 

4 


I \ Dl!p°sal  subsy|tem  - -w.-.w  - 

■ \ M - Maximum  possible  value  of  AF  - msd  wvs  wms" 

AF  4(3  X 4 + 2 x 4 «■  4)  * 9G  Arul.  instill.  Con 

N - Minimum  value  of  AF  ■ I(3xl»2xUl)  = 0 -^7 ■*' -•  ■ 

{Continued) 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


PAMLICO  [WHITE  SAGE  POINT  HERRON 
(160')  I (133')  (32’) 


GALLATIN  VIGOROUS 
(378')  (210’) 


b/ a.  b.  b I g 7 lb/ 


bl  b,  b.  b ?0  I d/ 


bl  b,b,b  SO  lb/ 


78  c/ 


73  hi 


bl  a,  b,  C n b / 


bl  a, 


7 8 lb; 


bl  a.  c.c  73  |b/ 


bl  C,  b,  b 

67 

bl 

bl 

a/ 

27 

b/  C,  b,  b 

67 

b / 

bl 

cJ 

27 

b/  C,  0,  b 

b/ 

58 

a/ 

_82 

b/c,b,C 

62 

cl 

18 

b/ 

62 

W 


bl 


16  lib  / 


Attribute  Data- 


cl 


58  c/ 


6 7 I b/  c,  b,  b 67  3 b/ 


27  b/c,b,b  67 


9_  b / c,  c,b  58  b j_ 

N A b/  c , b , c 62  _b/ 
N|  A | Cib,c  p2  lb/ 


67 


58  a/ 
62  b/ 

62  b/ 


67 


32  |<v 


N/A  - Not  a viable  system/vessel  combination 


27 


N A 


N A 
179 


M>wmi  inimnirri-TTHiniiiHiiiiiH  | u _ 


VII  - 131 

Deflnlt'  ns  and  values  for  I 

(a)  High  degree  of  physical  clearance  around  WMS  equipment  (I  = 1) 

(b)  Moderate  degree  of  clearance  around  WMS  equipment  (I  * 2) 

(c)  /e ry  tight,  i.e.,  very  little  clearance  around  WMS  equipment  (I  * 4) 

Definitions  and  values  for  , ABT^p,  AGrpyn 

(a)  High  degree  of  accessibility  in  WMS  subsystem  (A^,^,.  AB^p,  AGT/D  ■ 1) 

(b)  Moderate  degree  of  accessibility  in  WMS  subsystem 

(aCt*  abx/D'  agt/d  55  2) 

(c)  Low  degree  of  accessibility  in  WMS  subsystem 
^C/T'  ABT/D’  AGT/D  = 4) 

WMS/vessel  data  given  in  the  form; 


{/.acA’  abt/d‘  agt/d, 


Not  vessel  dependent 


■Vessel  dependent 


^ i iligii 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  I'ACTORS/SUBFACTORS 
M/E  VII  - MAINTAINABILITY 


132 

Extent  of  WMS  modularization  tor  ease  of  repair/replacement 

Ettectlveness  Rating  Function 

rwms  “ KUn  <rc/t'  “t/d*  rgt/i^ 

(ft)  K Rating  for  WMS 


Effectiveness  Attribute  Data  and  Rating's  for  Viable  Systom/vessel  Combinations 


WMS 

* 

GALLATIN 

(378') 

VIGOROUS 

(210') 

FIREBUSH 

(180’) 

PAMLICO 

(160*) 

WHITE  SAGE 
(133 ') 

POINT  HERRON 
(82’) 

m 

■ 

1 

; 

a,  a,  b 

70 

— 

2 

■ 

mm 

a,  a,  b 

70 

N 

A 

3 

N 

A 

70 

— 

N 

A 

D 

N 

a 

a ,b,  b 

70 

N 

A 

S 

N 

A 

N 

a 

a >.  b 

70 

N 

a 

N 

A 

N 

a 

a , b , b 

70 

N 

a 

MW 

N 

a 

a ,b  , b 

70 

N 

A 

8 

N 

A 

N 

A 

a,b,  b 

70 

N 

A 

9 

c,  b,  b 

0 

10 

a 

C , b,  b 

0 

■ 

N 

< 

m 

■ ■ 

N 

a 

c ,a,  b 

0 

■ 

12 

N 

D 

N 

A 

C lb,  b 

0 

■ 

N 

A 

13 

N 

A 

N 

a 

C,C.  b 

0 

N 

A 

14 

b,  b;b 

70 

IS 

SI 

0 

■ 

N 

A 

16 

b,  a,  b 

70 

17 

N 

A 

N 

A 

b,b,b 

70 

■ 

N 

A 

18 

N 

A 

N 

A 

b,  c,  b 

0 

6 

N 

A 

L tovucf?  o(P4U } 

USD 

WMS 

WMS 

Aul. 

lAlllll. 

Com 

Anti. 

Anal. 

ICO 


70 


WMl 

Rc/t  ■ Rating  fo»  (buck  water)  C/T  lubiynem 
RSt/d  - Rating  foe  black  water  T/D  rubiyttem 
RG^.^d  - Rating  for  gray  water  T/D  rubiyitem 

Data  given  In  the  form  (not  veuel  dependent): 


Z . ZB 
jC/T  | T/D 

Rc/T  “t/d 


. Z Attribute  Data 


rct/d)  RatlngJ 


Attribute 


Definitions  of  Z„._.  ZG^.„ 

C/T  T/D  T/D 

(a)  High  degree  of  WMS  subiyitem  modularization 

(b)  Moderate  degree  of  WMS  tubiyitem  modularization 

(c)  Low  degree  of  WKtS  iubjyttcm  modularization 


I 


i 


k A 


N/A  - K'ot  a viable  tyitem/vetsel  combination  J (j  ] 


f 


Attribute  Data 


Rating 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/e  VII  - MAINTAINABILITY 


133  | Degree  of  WMS  repairabllity  * on  board  vessel 


Ettectlveness  Rating  Function 

JUttng  cfo 


so 


It  * Mi«  (1  , tl  .10  1 

VMS  ° * C/T  T/p‘  ***1/0 

'■  ***<*  fwf  WM5 

t - (p«  (fcUck  ktuo  0/ T subsystem 

tijyp  - ftidflg  toe  bUck  vetec  T/D 1 ubiytum 
let  guy  w»wt  T/p 

Dot*  given  Id  llio  form  (not  veuei  dependent): 
!c/t  ' lfr/o ' L 


|c/T  ‘ 1|t/D  ' I|t/D 

■ M fC 

C/t  T/D  T/D 


Attribute 


(»)  AD  wm  Htoymm  Iwm  vt  teptiftbU  on  hmI, 

(b)  lorn*  WM  wbnymra  tt»m»  *w  mp&UibW  oa  vwmIi 
a»  rum  ba  nitltcoJ. 

fo)  AD  WMI  Ninftwiu  turn  tom  b»  npU£«4. 
r Vwm  McMtiy  la  NpUeainew  of  fhUai  Mulpmuu, 


hUD  j WMS  WhIS 
AuL  I tnjiaU.  Con 
I A<ul.  *Ml 


Effectiveness  Attribute  Data  an3  Ratings  for 


Viable  System/VeBsel  Combinations 


PAMLICO  IWHITE  SAGE  POINT  HERRON 
(160')  I (133')  (82') 


Aratbme  D»u- 


U/ A - Not  t viable  lynem/veuel  conibln*tion 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBrACTORS 


M/C VTI  - MAINTAINABILITY 


134  Availability  of  manufacturer  field  and  training  programs  for  WMS 


Eltcctlvenoss  Rating  Function 

SjUiir  C7-)  l 


1 1 W^C/T^T/D-^W 

far  ;bUch  watvv)  C/T  pibfyitern  ~‘~"1 

111  - Rating  far  bitch  niw  T/0  >ub«ywwn  CWT 

t/0  ' OATX 

HO  • ladqg  foe  jitjf  NitK  T/D  aubaytiAm  CnunmaA 


Dm  given  la  fte  fotm  (cot  vestel  dependent): 

i . zi , lo Attnbut* 


m 


^ Attribute 
o}  **An*‘ 


Data  far  Miaufaruar  Support  Availability 

BiaM  Support  AvailaMa  Training  Program  AviiUbla 
Tm  "*  Ta» 

r»  t*# 

Y«  tie 

T«  No 

Yaa  No 

T—  No 

Data  to  Chryilet  wii  provided  by  Manu- 
facturer. 

All  other  data  wai  supplied  by  the  C.C. 


Attribute 


D«flnidoO»  of  l , ZI  . ZC 

1 Cc/r'  t/p  t m 

(A)  Manufacturer  field  auppovt  and  a saining  program  la  availablt. 

<b)  kUnufac tura/  field  mppon  it  Available  but  no  saining  program 
la  available. 

(c)  Manufacturer  oainiog  program  li  available  but  field  tuppoct 

it  noi  available.  j 

<d>  Naldicr  field  tup  port  nor  a salting  program  art  available  from  ' 

manufaentftr. 

“blay  Include  some  limited  training  aupport  durfno  Initial 
_\VMS  ImuIIaiLku .r  ? 


ciof_Dj 

LS 

WMS 

WMS 

Ini  tall. 

Com 

Anal. 

Anal. 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  Systctn/Vossel  Combinations 


WMS 


GALLATIN 

(378*) 


VIGOROUS 

(210') 


FIREBUSH 

(180') 


PAMLICO  [WHITE  SAGE  POINT  HERRON 
(160')  I (133*)  (82*) 


10 


11 


12 


13 


14 


IS 


16 


17 


18 


Attribute  Data  . 


N 

A 

Nj 

A 

N/A  - ts'oi  a viable  sysioin/verscl  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTQRS/SUBFACTORS 


M/E 


VII  - MAINTAINABILITY 


141  I Extent  of  spares  stockage  required  for  W MS  equipment  repairs  (relative! 


— I..  ■ . . — ■ ■ I ■ '■  * 1 1 ■ ■' 

* 1.00  - 100  *1  ol  i 1.0 

My  My 


Ettectlveness  Rating  Function 


- luting  0>)  of  1th  viable  candidate  WMS  on  vessel  v 

Sj  - Estlmsted  annual  numbnt  of  spare  parts  required  for 

I lb  viable  candidate  WMS  on  vettel  v based  on  projected 
WMS  utilisation 

Mv  • Maximum  value  of  Sj  for  all  viable  WMS  candidate* 
fot  a giver,  vesael  v 

NOTES:  1.  Weight  and  volume  of  spares  not  considered. 

2.  Amount  based  on  MTBF,  either  manulacturcr  supplied 
ot  estimated. 


S>I  Pi 

nn- 

MSD 

AML 

WMS  I 
iDiUll.l 
»•*»■! 

1 WMS 

1 Con 

1 Anol,r 

ezr 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  SystonyTvessel  Combinations 


GALLATIN 

(378') 

HESSDH 

FIREBUSH 

(180*) 

PAMLICO 

(160*) 

WHITE  SAGE 
(1331) 

POINT  HERRON 
(82  ■) 

i 

12 

88 

6 

90 

12 

77 

6 

90 

1 

id 

2 

— ■ — ■ — 

65 

69 

25 

75 

20 

68 

25 

52 

L 19 

67 

N 

n 

3 

71 

66 

N 

A 

23 

63 

43 

56 

f9 

67 

N 

B 

m 

35 

83 

N 

A 

H 

78 

26 

50 

1 

88 

74 

A 

N 

A 

N 

A 

20 

68 

22 

58 

10 

83 

N 

A 

nn 

N 

D 

N 

A 

20 

68 

22 

58 

II 

8! 

N 

D 

IB 

35 

83 

N 

A 

14 

78 

27 

48 

II 

61 

N 

8 

N 

A 

N 

A 

24 

62 

23 

5b 

10 

83 

N 

H 

9 

159 

24 

99 

0 

50 

21 

36 

3! 

30 

48 

mam 

B 

10 

159 

24 

(99) 

0 

51 

19 

37 

29 

31 

47 

N 

n 

11 

U3 

22 

N 

A 

51 

m 

34 

35 

30 

48 

18 

a 

12 

N 

A 

N 

A 

0 

50 

D 

35 

EH 

N 

m 

13 

N 

A 

N 

A 

■fH 

n 

46 

fi 

S4 

41 

N 

A 

14 

204 

92 

76 

23 

34 

46 

31 

n 

53 

9 

-U 

26 

15 

204 

2 

76 

23 

35 

m 

3 2 

■*71 

54 

7 

N 

16 

\ 209  3 

0 

77 

23 

35 

44 

42 

(9 

53 

9 

13 

ill 

17 

N 

A 

N 

A 

in 

25 

C 52  > 

0 

( 58  ) 

0 

N 

D 

18 

N 

iD 

N 

A 

L-« 

32 

42 

_1L 

57 

2 

N 

B 

Attribute  Data- 


Rating 


N/A  - Not  a viable  lystem/veuel  combination 


184 


tQfpZ&X\:  ■'■  - ' W kl*'  ^*4  i . 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E VII  - MAINTAINABILITY 


142  | Speclal/fcroprietary  *ltem  requirements  for  WMS  equipment  repair 


Eltectiveness  Rating  Function 

Rating  CS» 


R „ _ " Min  ;W„  M . (HI  ) 

VVB  C/T  T/D  T/D 

«w%e  - lion  to.  VMJ 
•(^,T  ■ titny  tot  (bU  :k  .*«*)  C/T  nityium 

"t/o  ■Uai‘  Am  black  witti  T/D  eubtyttarai 
• tiling  kx  |fiy  wihi  T/D  eubtyttam 

Data  given  In  the  foiro  (rot  vessel  depen  Jen  t): 
p/T  ■ Zj*t/d  • ‘Jig} 

a„,_  si *°-/n)  •ueoj. 


C/T  T/D 


25  I 


Attribute 


Z,T/D’  *gt/p 

(a)  He  ^*dal  Kami  raqdr<*d  for  any  wms  rvbtyrterr  repairs, 

(b)  Jwmi  special  itnmi  required  ft*  turn*  VMS  aubiyjevtn  rapain. 
■ (c)  AU  (tam*  required  Am  WMS  lapain  ana  ipacUl  Uatri. 

■*  Incinerator  pots,  (11mm  etc. , versus  standaid 
luppty  parts. 


I tty  «f  *««» 

MSD  WMS  WMS 

AUl  lAfUll.  Coal 

I Anal.  Anal. 


WMS 

# 


GALLATIN 

(378*) 


FIRE  BUSH  I PAMLICO  [WHITE  SAGE  POINT  HERRON 
(180')  I (160')  I (133')  (82*) 


a,  a. a 100 


a.b  ,a  25 


a , b,  a 


a , b,  a 


a.  b,  Ip 


a,  a,  b 2? 


a.b.tt  25 


a.b.b  25 


b.a.a  25 


b - b,  a 25 


b,  a.  a 25 


b,  b,  a 25 


b,b,  a 25 


b,a,  t 25 


b , b,  b 


A tribute  Data—1 


; N/A  - Not  a viable  system/vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTOPS/SUBFACTORS 
M/E  VII  - MAINTAINABILITY 


Frequency  of  PM  actions  (relative) 


Effectiveness  Rating  Function 
JUtlng  ffo) 


* 100  - loolL  o<  r*  < 1.0 
****  *** 

-S 


1>MM  tattom  far  «UbU  caoudxa  w^c  m >«m]  r 
• lUcLag  fU  of  l*  rUbU  uadUtw  WMS  aa  rwl  * 
f|  • Aaaul  ■aiofcat  of  WMI  PM  *Mom 
' f(  - Naatet-'  VMS  PM icOoaa u pcaodlctiy 

Wj  • faulty  wai^t  fat  I*  pattotfldty  of  PM  action 
My  - MaMmore  nka  of  r{  (or  all  ititta  wmj  saatUaeaa  for  a |i<ao 


fanoiitcuy  (ft 
(Hoorn 


34  (Dally) 


141  (MmM 


100  (Monet 


3, 1*0  (Quattctl 


4,300  (Semi-Annually) 


MSD 

wms 

Aral, 

tuuU, 

Anal. 

GALLATIN 

VIGOROUS 

FIREBUSK 

PAMLICO 

(WHITE  SAGE 

(378*) 

(210*) 

(180') 

O60‘) 

1 (133') 

8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


Anrlbut*  D tu- 


rn 1 9^ 


249  I n 


443  86 


3 64  83 


N 


N 


384 


N 


1454  53 


1470  53 


2352  24 


N 


N 


2202  I 2? 


2140  I 31 


84  95 


93 


70 


89  I 89 


N 


N 


N 


N 


583  I 63 


5 


N 


N 


N 


1113  29 


112'  28 


< fsTT i 


N 


N 


■ fUdng 


211 


182  77 


266  U 


266  I 66 


137  75 


168  79 


168  179 


34?  56 


3 05  61 


677  15 


597  25 


655  <7 


512  35 


524  I 34 


cm) 


178  78 


6 91  I 13 


84  89 


111  86 


197  76 


182  77 


68  I 79 


182  77 


192  76 


178  78 


691  <3 


7 89 


140  70 


399  5o 


409  48 


399  50 


48 


5o2  37 


493  38 


481  39 


70  90 


N 


N 


N 


N 


N 


N 


N 


633  M 


N 


( 736  |o 


N 


N 


no  63 


N 


373  4? 


N A 


N 


N/A  - Not  * rUbl*  tyttem/vwMl  combination 


; t Sfai-V 


aft  — 


^jtpwr 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 


22  I Man-hours  required  fot  WMS  PM  actions  (relative) 


Eitectlveness  Rating  Function 

Rating  <7>) 


Rivf*)  = 100  - 100  of  JH.  - 1.0 
My  My 

RjyCft)  - Rating  of  i111  viable  candidate  WMS  on  veaael  v 

PMi  - Annual  PM  man-houn  tequited  for  l*1’  viable  candidate 
WMS  on  vend  v 

Mv  - Maximum  value  oT  PMj  for  all  viable  WMS  candidate! 
for  a given  vessel  v 


MSO  WMS  1 WMS 

Awl.  tnitill.l  Colt 

Anti.  I AimI. 


Effectiveness  Attribute  Data 


WMS 


GALLATIN 

(37C) 


VIGOROUS 

(210 


and  Ratings  for  Viable  System/Vessel  Combinations 


FIRE  BUSH  PAMLICO  IWHITE  SAGE  POINT  HERRON 

(180  (160  I (133')  (82') 


Attribute  Data-w 


M/A  - Not  a viable  tyitem/venel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
E VII  - MAINTAINABILITY 


23  I Effect  of  WMS  PM  on  vessel  watchstandar  routines 


Ettectlveness  Rating  Function 

Rating  oft) 


Attribute 


Rjyf?’)  " Racing  ($>)  of  i^1  viable  candidate  WMS  on  venel  v 

(a)  No  effect  on  watchltander  routines.  * 

(b)  There  it  tome  effect  on  watchltander  routines. 


* By  C.G,  direction,  (a)  applies  to  all  WV  ^ considered 
in  tbit  study. 


Scyc4  o(  Dm 
MSD  WMS  J WMS 

Anal.  TnataU.j  Co« 

. Anal.  I Anal. 


Effectiveness  Attribute  Data  and  Ratings  for~V  table  System/Vessel  Combinations 
WMS  GALLATIN  VIGOROUS  FIRE3USH  PAMLICO  {WHITE  SAGE  IpOINT  HERRON 
# I (378')  (210')  (ISO1)  (160’)  (133*)  (82') 


Attribute  Dau- 


N/A  • Not  a viable  system/ vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E VII  - MAINTAINABILITY 


3 1 I Frequency  of  W MS  overhauls 


Ettectlveness  Rating  Function 

Rettni  *) 


RiCJ.)  ‘ 100  (TO./M)  0-  1 <1.0 

M 


100  


Rjffr)  - Rating  {%)  of  1*  viable  candidate  W\1S  (Independent  of  veatel) 

TOj  - Minimum  time  between  overhaul*  (In  yean)  of  any  wbayitem 
of  the  1*  viable  candidate  WMS  (independent  of  veael) 

M - Maximum  value  of  TOj  foe  all  vtable  WMS  candidate* 
(Independent  of  veael} 

NOTES! 

1,  Hu  JERED  large  boat  MSD  and  a CHT  the  time  between 
overhaul*  i*  4 yean. 

2.  By  C.G.  direction,  the  time  between  overhaul*  for  all  other  MSOt 
considered  in  thii  itudy  U anumed  to  be  1 yean. 

Data  given  In  the  form  (not  vessel  dependent): 

TO,  TO,  TO  


L 

— ►For  (bl 


1 ► For  gray  water  T/D  nibsyttem 

->  For  black  water  T/D  nibsyttem 
(black  water)  C/T  *ub»yuem 


woo  WMS  WMS 

A Mi  iMUli  Con 

Attil,  Anal. 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS  GALLATIN  VIGOROUS  FIREBUSH  I PAMLICO  IWHITE  SAGE  POINT  HERRON 
# (3  7 8')  (2 10  *)  (180')  I (160')  ! (133')  (S2‘) 


Attribute  Data' 


N/A  - Not  a vtable  tystem/venel  combination 


IL 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E  VII  - MAINTAINABILITY 


32  I Man-hour  and  skill  level  requirements  forWMS  overhauls  (relatival 


Ettectlveness  Rating  Function 


R^C*,)  100 -mo  if* 

My 


Q<  < 1Q 

My 


RjvC V)  - Rating  (%)  of  Ith  viable  candidate  WMS  on  vessel  v 


LQj  - Cost  of  labor  ($)  fot  overhaul  of  i*h  viable  candidate 
WMS  on  vessel  v 

My  - Maximum  value  of  LOj  fot  all  viable  WMS  candidate 
for  a given  vessel  v ' 


Source  of  D* 

ti 

MSP 

WMS 

WMS 

A IVAl. 

loaull. 

Co* 

Arul. 

Anal. 

Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS 

# 


GALLATIN 

(378*) 


VIGOROUS 

(210') 


FIRE  BUSH 
(180’) 


PAMLICO 

(160') 


WHITE  SAGE 
(133') 


POINT  HERRON 
(82*) 


982 


1077 


803 


12.49 


N 


N 


10 


1030 


N 


23lf> 


2101 


11 


12 


13 


14 


15 


16 


17 


18 


(2402' 


N 


N 


2079 


1 789 


2164 


N 


N 


59 


55 


67 


48 


57 


13 


13 


26 


10 


613 


532 


N 


N 


N 


N 


N 


N 


(M3) 


1715 


N 


N 


N 


1091 


983 


1134 


N 


N 


66 


71 


40 


46 


38 


424 


524 


591 


730 


671 


671 


621 


634 


J 734 


1627 


1702 


C1978) 


1710 


656 


548 


624 


899 


63! 


79 


74 


70 


63 


66 


66 


69 


68 


12 


18 


14 


14 


67 


72 


604 


An 


328 


C72?) 


546 


546 


619 


437 


436 


327 


329 


558 


267 


574 


464 


68 


55 


68 


467 


696 


405 


17 


32 


55 


25 


25 


15 


40 


40 


55 


55 


23 


63 


2? 


36 


36 


44 


604 


492 


328 


728 


5 46 


<J28) 


61ft 


J1L 


436 


327 


32? 


55  S 


267 


57  4 


464 


467 


6 96 


405  44 


17 


32 


55 


25 


15 


40 


40 


55 


55 


23 


63 


21 


36 


36 


420 


N 


N 


N 


N 


N 


N 


N 


420 


N 


313 


N 


N 


(48  e) 


N 


3 82 


N 


N 


14 


14 


36 


A 

22 


Attribute  Data- 


Radng 


N/A  - Not  a viable  system/vesiel  combination 


190 


!!  1 


Special  docking  requirements  for  WMS  overhauls 


Ettectlveness  Fating  Function 
Rating  CTo) 


(a)  There  are  no  ape:  1* *1  docking  requirements  for  tbe  WMS, 
(c)  There  are  special  docking  requirements  for  the  WMS. 


* By  C.G.  direction,  (a)  applies  to  all  WMS  candidates  in 
this  study. 


Attribute 


Source  of  Pita 

MSD  WMS  WMS 

Awl,  in*  till,  Co« 

Anil.  Anil. 


WMS 

# 


Effectiveness  Attribute  Data 

and  Ratings  for  Viable  System/Vessel  Combinations 

GALLATIN 
(3  7 8') 

VIGOROUS 
(2 10  ’) 

FIREBUSH 

(180’) 

PAMLICO 
(1 60 1 ) 

WHITE  SAGE 
(133  ’) 

POINT  HERRON 
(82*) 

Attribute  Data* 


N/A  - Not  a viable  system/ vessel  combination 


EFFECTIVENESS  RATINGS  FOR  ELEMENTARY  FACTORS/SUBFACTORS 
M/E__ VII  - MAINTAINABILITY 


Logistic  requirements  for  WMS  (relative! 


Rating  (%) 


Ettectlveness  Rating  Function  Vw  * 

H - feting  for  (buck  water)  C/T  wbtyitem 


Attribute 


- fedqg  for  bUck  wot«  T/P  aibiywem 
Ki  » AiOng  for  gray  wiw  T/D  wbayitctn 

Data  given  in  die  form  (not  vessel  dependent): 
je/i  • “t/d  • *|T/t>)  Awb“- 

lc/t  mt/d  K:/ii)  **“*’ 

»T/P‘  ^t/P 

(A)  No  social  para  in  required  for  |fc*  WM3  aibeyirem . 

(b)  Few  different  categonee  of  facial  para  are  required 

for  foe  WVC  afoeyitem  and  &ace  m few  parti 
la  each  category. 

(c)  F«w  different  categories  of  social  part*  are  required 

for  the  WMS  mtbcytum  bur  many  parti  of  each 
typo  are  required;  or.  many  different  c a tag  cries 
of  apodal  parti  required,  but  tfierc  are  few  para 
to  aacb  category. 

(4)  Many  different  categories  of  pans  are  required  for  die 
WMS  iubvyv«ni  and  there  li  a Urge  Btupber  of 
para  within  each  category. 


_ Source  of  Data 
MSD  WMS  WMS 
Anal.  InataU.  Core 
A Ml.  Anil 


Effectiveness  Attribute  Data  and  Ratings  for  Viable  System/Vessel  Combinations 


WMS 

♦ 


GALLATIN 

(378’) 


VIGOROUS 

(210’) 


FIREBUSH 

(180’) 


PAMLICO  IWHITE  SAGE  POINT  HERRON 


(1601) 


(133*) 


mmm 

100 

■m 

15 

HWEfli 

75 

A a , b,  a 

75 

A a.,b,b 

75 

A cl,  a,  b 

75 

A a,  b,  a 

75 

bhu 

75 

b,  a,a 

15 

b,b,  a 

75 

A b , b,  a 

75 

A b,  a, b 

75 

A b > b,  b 

75 

b,a,  a 

75 

b,  b,  a. 

75 

b,b,  a 

75 

A b,a,b 

75 

mmm 

75 

N/A  - Not  a viable  tystemy  vessel  combination 
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DISCUSSION  OF  THE  EFFECTIVENESS  ASSESSMENT  METHODOLOGY 
AND  APPLICATION  GUIDELINES 


EFFECTIVENESS  ASSESSMENT  OF  CANDIDATES 

The  effectiveness  of  candidate  systems  is  determined  on  the  basis 
of  numerous  considerations  such  as  system  characteristics  and  features, 
assumptions,  etc.  It  is  very  difficult  to  make  sound  decisions  based  on 
the  simultaneous  Judgement  of  a multitude  of  considerations,  many  of  which 
may  be  unrelated.  On  the  other  hand,  it  is  fatrly  easy  to  make  individual 
decisions  on  a small  scale.  The  approach  used  for  assessing  the  effective- 
ness of  candidates  is  based  on  converting  the  relatively  difficult  problem 
of  trying  to  arrive  at  a major  decision  by  simultaneously  juggling  numerous 
and  often  unrelated  considerations,  into  the  relatively  easy  problem  of 
systematically  making  many  "small"  decisions.  The  approach  also  addresses 
the  necessity  of  combining  the  decision-maker’s  subjective  Judgements  with 
technical  data  and  relevant  assumptions  in  arriving  at  an  overall  effective- 
ness assessment  of  each  candidate  system. 

The  effectiveness  assessment  consists  of  the  following  three  basic 

steps: 

. Development  of  a suitable  effectiveness  model. 

. Development  of  effectiveness  attribute  data.  - ... 

. Quantification  of  effectiveness  by  substitution  of  the  effectiveness 
attribute  data  into  the  effectiveness  model. 

The  effectiveness  model  is.  In  effect,  a framework  of  criteria  for 
judging  the  degree  of  acceptability  of  each  candidate  system.  This  frame- 
work is  in  the  form  of  a hierarchy  which  structures  the  effectiveness  assess- 
ment criteria  in  successive  levels  of  detail  and  specificity.  A set  of  weights 
are  then  associated  with  this  criterion  hierarchy  to  indicate  the  importance 
of  each  criterion  in  relation  to  the  others. 
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The  underlying  concepts  of  the  approach  for  assessing  the  effective- 
ness of  candidates  arc  discussed  in  the  following  paragraphs.  This  dis- 
cussion is  presented  in  accordance  with  the  breakdown  of  the  effectiveness 
model  into  its  constituent  elements  and  Includes  guidelines  for  the  develop- 
ment of  each  model  elornont  discussed. 

Definition  of  Effectiveness  and  A ssociated  Implications 

The  approach  for  assessing  the  effectiveness  of  candidates  and  the 
development  of  the  effectiveness  model  which  forms  the  basis  for  this 
assessment  are  closely  related  to  the  definition  of  effectiveness.  In  the 
context  of  this  study  effectiveness  is  not  to  be  vlowod  as  a fixed  and  pre- 
fonnulated  expression  in  terms  of  some  specific  variables.  Instead,  the 
following  definition  of  effectiveness  is  used: 

. The  effectiveness  of  a candidate  is  broadly  defined  as  its  overall 
quality.  This  quality  is  determined  on  the  basis  of  how  well  the 
candidate  fulfills  specified  objectives,  requiromouts  and  constraints. 
I’urthermoro,  this  overall  quality  can  be  quantified  and  the  resulting 
number  is  the  effectiveness  rating  of  the  candidate.  The  effective- 
ness rating  is  a quantitative  measure  of  the  degree  to  which  the 
candidate  hag  satisfied  the  aggregate  of  all  the  individual  crltoria 
for  determining  conformance  with  objective,  and  requirements  as 
well  as  their  relative  importance. 

It  is  noted  the',  the  abovo  definition  of  effectiveness  implios  the 
following: 

. It  is  necessary  to  specify  objectives,  requirements  and  constraints. 

, It  Is  necessary  to  establish  criteria  for  judging  how  well  the 

candidates  fulfill  the  objectives,  requirements  and  constraints, 

. It  is  nocossary  to  Indicate  the  importance  of  the  established 
criteria  relative  to  one  another. 
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, It  is  necessary  to  quantify  each  individual  criterion  as  well  as 
the  aggregate  of  all  criteria  and  their  relative  importance.  This 
quantification  must  be  based  on  candidate  attribute  data  (i.e., 
characteristics) . 

The  development  of  the  effectiveness  model  forms  the  basis  for 
accomplishing  the  above  objectives. 

Elements  of  the  Effectiveness  Model 

As  noted  in  the  previous  discussion  the  development  of  the  effective- 
ness model  is  the  basis  for  assessing  the  effectiveness  of  candidate  system/ 
vessel  combinations.  Completion  of  the  effectiveness  model  also  provides 
the  basis  for  developing  the  required  effectiveness  attribute  data  as  well  as 
for  quantifying  effectiveness . 

The  effectiveness  model  consists  of  the  following  elements: 

. Measures  of  Effectiveness  (M/Es) 

. M/E  weights 

. Factors  and  subfactors  of  the  M/Es 

„ Factor/subfactor  weights 

, Effectiveness  Rating  Functions  (ERFs)  for  the  elementary  factors/ 
sub  factors 

Each  one  of  the  above  elements  of  the  effectiveness  model  is  dis- 
cussed in  the  following  paragraphs.  Guidelines  for  developing  each  model 
element  are  also  given.  In  addition,  the  nature  of  the  necossary  effective- 
ness attribute  data  and  the  procedure  for  quantifying  effectiveness  are  also 
discussed. 
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Candidate  systems  for  a given  vessel  class  can  bo  compared  more 
readily  if  a numerical  score  for  effectiveness  is  determined  for  each  can- 
didate, As  a first  step  in  the  process  of  quantifying  effectiveness,  it  is 
necessary  to  establish  a set  of  Measures  of  Effectiveness  (M/Es).  The 
M/Es  < onstltuto  tho  figures  of  merit  or  the  set  of  overall  criteria  which 
will  be  used  to  judge  how  well  oach  candidate  system  moot?  tho  require- 
ments which  are  doomed  to  be  important.  M/Eg  are  broadly  defined  con- 
siderations or  realms  of  concern  for  the  decision  maker. 

Required  Properties  of  M/Es 

A valid  sot  of  M/Es  should  be  characterized  by  the  following  properties; 

, Appropriate  love!  of  comprehensiveness 

. Completeness 

. Uniquoness  and  independence 

Appropriate  level  of  comprehensiveness  implies  that  oach  M/E  selected 
is  sufficiently  general  to  encompass  or  imply  all  tho  portinont  subcrllorla 
which  will  subsoquontly  bo  identified  (the  factors  and  subfactors).  As  an 
example,  tho  number  of  man-hours  required  would  not  bo  an  appropriate 
M/E  since  it  is  implied  or  oncompassed  by  (and  hence  is  subordinate  to) 
another  (and  more  genoral)  figure  of  merit  such  as  Operability  or  Maintain- 
ability, 

Completeness  implies  that  tho  M/Es  selected  (together)  encompass 
all  aspects  which  aro  considered  to  be  important,  i.o.,  thoy  aro,  as  a 
group,  capable  of  assessing  tho  candidate's  qualifications  with  respect  to 
all  rolovant  criteria. 

Uniquonoss  and  independence  implies  that  none  of  tho  characteristics 
which  arc  impltod  or  included  in  one  M/E  appear  in  any  one  of  tho  other 
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M/Es,  i.e.,  there  is  no  overlap  in  the  various  criteria  (factors  and  sub- 
factors) which  are  implied  by  the  selected  set  of  M/Es, 
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Guidelines  and  Considerations  in  Choosing  M/Es 

When  selecting  a set  of  M/Es,  it  is  important  to  keep  in  mind  that 
these  M/Es  are  not  intended  to  be  a universal  and  all  encompassing  set  of 
figures  of  merit  which  are  adequate  for  any  conceivable  set  of  circumstances. 
Instead,  the  M/Es  should  be  based  on  the  basic  objectives  and  requirements 
at  hand  for  the  specific  candidate  system/vessel  combination  being  studied. 
The  following  considerations  should  govern  the  selection  of  M/Es; 

. It  is  not  necessary  to  decide  in  advance  (or  to  know  the  details 
of)  how  each  M/E  will  subsequently  be  broken  down  into  its 
constituent  factors  and  subfactors  in  order  to  choose  an  adequate 
set  of  M/Es.  in  fact,  different  individuals  can  bo  involved  in 
these  two  processes. 

. Each  M/E  should  represent  an  inherently  different  set  of  con- 
siderations or  criteria. 

. They  should  be  as  few  as  possible  in  number,  consistent  with 
the  goals  of  the  study.  No  M/E  should  be  Included  unless  it  is 
determined  to  be  an  essential  consideration  in  assessing  the 
effectiveness  of  the  candidate  systems.  A proliferation  of  M/Es 
decreases  the  sensitivity  of  the  overall  effectiveness  score  for 
each  M/E.  Also,  a multitude  of  M/Es  makes  it  more  difficult  to 
make  balanced  judgements  in  assigning  weights  to  the  M/E.  The 
number  of  M/Es  used  should  be  limited  to  less  than  ten. 

. A figure  of  merit  which  is  a potential  candidate  for  an  M/E  should 
not  be  eliminated  from  consideration  on  the  basis  of  the  argument 
that  this  M/E  is  not  necessary  because  there  are  rigid  require- 
ments governing  this  area  of  concern  which  will  take  care  of  this 
problem.  As  an  example,  one  may  bo  tempted  to  argue  that 
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"Safety"  should  not  be  made  an  M/E  because  there  are  specific 
regulations  governing  safety  and  an  unsafe  syBtem  will  not  be 
permitted  to  be  installed  on  board  a ship.  The  fallacies  of  such 
an  argument  are  as  follows: 

, , The  fact  is  that  irrespective  of  rigid  specifications,  unsafe 
equipments  are  to  be  found  on  board  ships  and  accidents  do 
occur. 

. . If  the  above  argument  is  pursued  to  its  logical  conclusion, 
then  all  M/Es  would  be  eliminated  from  consideration  since 
there  are  also  specifications  for  performance,  reliability, 
habitability,  operability,  etc. 

. . Even  if  all  candidates  met  the  safety  specifications  (these 
can  be  considered  as  a minimum  requirement),  there  are 
nevertheless  substantial  differences  among  candidates  in 
the  degree  of  safety  and  these  differences  should  be  identi- 
fied and  quantified. 

It  is  usually  easier  to  eliminate  or  add  an  entire  M/E  than  it  is 
to  make  numerous  changes  within  several  M/Es, 

The  relative  importance  or  unimportance  of  each  M/E  will  be 
stipulated  via  the  weight  assignment  scheme. 

The  utility  and  ease  of  interpretation  of  the  final  results,  i.e,, 
the  overall  effectiveness  score  of  each  candidate  system,  will 
depend  (among  other  things)  on  the  care  with  which  the  M/Es 
and  their  weights  are  selected. 

The  wording  used  to  describe  an  M/E  should  be  concise  and 
carefully  chosen  to  ensure  that  the  full  meaning  and  all  the 
criteria  implied  by  the  M/E  are  reflected  In  its  name,  A short 
statement  of  the  issues  implied  by  each  M/E  should  be  provided. 
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ASSIGNING  WEIGHTS  TO  THE  M/Es 


Purpose  of  M/E  Weights 

Assignment  of  weights  to  the  M/Es  serves  two  essential  purposes. 
First,  these  weights  enable  the  decision  maker  to  reflect  his  judgement  as 
to  the  relative  importance  of  each  M/E,  based  on  the  candidate  systems 
and  the  vessels  being  considered  as  well  as  the  objectives  and  goals  of 
the  study.  Thus,  the  M/E  weights  provide  the  decision  maker  with  the 
opportunity  to  perform  trade-offs  between  the  different  considerations 
governing  the  selection  of  a candidate  system. 

Second,  assignment  of  weights  to  the  measures  of  effectiveness 
facilitates  the  combination  of  the  individual  M/E  ratings  into  an  overall 
effectiveness  rating  for  each  candidate. 

Guidelines  for  Assigning  M/E  Weights 

Since  Lhe  choice  of  weights  has  a strong  influenco  on  the  overall 
effectiveness  rating  of  the  candidates  and  therefore  influences  the  manner 
in  which  they  will  be  ranked,  the  choice  of  M/E  weights  should  be  made 
by  cognizant  decision  makers  who  are  familiar  with  the  considerations  which 
were  used  to  determine  the  specific  choice  of  M/Es.  Due  to  the  importance 
of  these  M/E  weights,  great  care  should  be  exercised  in  their  selection. 
Following  are  some  guidelines  for  assigning  M/E  weights. 

All  of  the  subordinated  levels  of  factors  and  sufactors  within  the 
effectiveness  model  structure  do  not  have  to  be  identified  in 
order  to  assign  M/E  weights. 

. Weight  assignments  are  to  be  system  and  vessel  independent 
(knowledge  of  system  or  vessel  characteristics  is  not  required). 

, Weight  assignments  are  to  be  used  to  convey  the  importance  of 
each  M/E  relative  to  one  another. 
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Weight  assignments  are  to  indicate  importance  by  assigning 
higher  numbers  to  those  M/Es  that  are  more  important  and  low 
numbers  to  those  of  lesser  importance. 

Numbers  should  be  assigned  on  a percentage  basis  (whole 
numbers  only)  and  should  range  on  a scale  of  0-100%,  with  the 
sum  of  all  weight  assignments  equal  to  100%,  i.e,, 


m 

W,  + W,  + W,  + W = Y[  w,  = 100 

i t.  3 m f — , 1 


DETERMINING  THE  FACTORS  AND  SUBFACTORS  OF  EACH  M/E 

Each  M/E  encompasses  a large  number  of  considerations  and  hence 
depends  on  a multitude  of  candidate  system  attributes.  As  a result,  it  is 
not  practical  to  attempt  to  obtain  a direct  rating  for  each  candidate  system 
with  respect  to  the  M/Es.  Instead,  each  M/E  is  systematically  broken 
down  into  Its  constituent  component  criteria  and  then  a relationship  between 
each  of  these  component  criteria  and  the  candidate  system's  attribute  is 
established. 

Selecting  Factors  of  an  M/E 

As  a first  step  in  this  breakdown,  a set  of  factors  is  selected  to 

characterize  each  M/E.  These  factors,  in  combination,  represent,  all  the 

aspects  or  attributes  of  a candidate  system  which  are  considered  to  be 

relevant  to  the  particular  M/E.  The  set  of  M/E  factors  is  not  necessarily 

unique.  In  establishing  such  a set,  It  is  important  to  ascertain  that  they 

★ 

are  characterized  by  the  following  properties*. 

. Appropriate  level  of  comprehensiveness 
. Completeness 
. Uniqueness  and  independence 

* It  is  noted  that  these  properties  were  also  called  for  in  the  choice  of  the 
set  of  M/Es. 
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Tho  first  property  is  concerned  with  picking  a set  of  factors  which  represent, 

In  effect,  a first  indenture  of  each  effectiveness  measure,  rather  than  a set 
of  very  detailed  considerations  which  would  be  appropriate  only  at  further 
levels  of  indenture.  As  an  example  of  what  is  meant  here,  "special  tool 
requirements  ' is  an  appropriate  consideration  which  is  implied  by  the  M/  E 
"Maintainability",  but  it  would  not  be  appropriate  as  a factor  of  this 
effectiveness  measure  because  it  is  a consideration  which  is  implied  by 
the  more  general,  and  hence  more  appropriate,  factor  "Corrective  Maintenance 
Requirements". 

The  second  property  is  concerned  with  ascertaining  that  the  factors 
chosen  together  constitute  (l.e, , imply)  all  aspects  of  the  effectiveness 
measure  which  are  considered  to  be  important  and  relevant  for  that  M/E. 

That  is,  the  factors  of  an  effectiveness  measure  must  be  capable  of  com- 
pletely describing  and  characterizing  it. 

Tho  third  property  is  concerned  with  avoiding  overlap  in  considerations 
which  are  implied  by  the  different  factors  of  an  M/fc,  and  to  insure  indepen- 
dence among  factors,  i.e.,  the  rating  of  one  factor  is  independent  of  the 
rating  of  any  other  factor. 

Selecting  Sub  factors  and  Elementary  Eactors/Subfactors 

The  factors  themselves  may  be  too  complex  to  assign  ratings  to  them 
because  they  encompass  a multitude  of  considerations.  As  an  example,  the 
factor  "Corrective  Maintenance  Requirements"  of  the  M/E  "Maintenance" 
includes  considerations  such  as  labor,  parts,  accessibility,  etc.  The 
procedure  which  is  followed  in  such  cases  is  to  break  up  each  complex 
factor  Into  a set  of  subfactors  which,  together,  encompass  all  the  con- 
siderations which  are  implied  by  the  factor.  In  choosing  a set  of  subfactors 
for  each  factor,  tho  same  considerations  which  govern  the  choice  of  factors 
for  each  M/E  are  employed,  namoly; 

Appropriate  level  oi  comprehensiveness 
. Completeness 
. Uniqueness  and  independence 
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Often,  subfactors  may  themselves  be  too  complex  because  they  imply 
numerous  considerations  and  hence  may  require  further  breakdowns , This 
is  accomplished  by  determining  a set  of  lower  level  subfactors  for  each 
complex  subfactor.  The  procedure  employed  is  analogous  to  those  used 
for  determining  the  factors  of  each  M/E,  as  well  as  those  for  choosing  thesub- 
_ factors  of  a complex  factor,  and  the  same  criteria  apply.  This  procedure  of 
-breaking  down  a complex  subfactor  into  a set  of  lower  level  subfactors  is 
continued  successively  as  many  times  as  necessary  or  convenient  until  a set  of 
elementary  subfactors  (or  factors)  is  reached . An  elementary  subfactor  or 
factor  Is  one  which  encompass  a single  consideration  and  hence  can  be 
rated  by  relating  It  to  some  attribute  of  the  candidate  system.  As  an  example, 
"Accessibility  of  replaceable  components"  is  an  elementary  subfactor  of  the 
subfactor  "Ease  of  repair/replace",  of  the  factor  "Corrective  Maintenance 
requirements",  of  the  M/E  "Maintainability".  This  is  a single  aspect  of 
maintainability  for  which  a direct  relationship  can  be  established  between 
the  magnitude  of  the  candidate  system  attribute  and  a numerical  rating  for  the 
elementary  subfactor. 

It  is  noted  that  the  choice  of  elementary  subfactors/factors  is  not 
always  obvious  or  unique.  As  an  example,  the  number  of  maintenance  man- 
hours required  may  be  chosen  as  an  elementary  subfactor.  However,  several 
maintenance  personnel,  at  different  skill  levels  may  be  assigned  to  the  system/ 
equipment  whose  maintainability  is  being  analyzed.  The  question  arises,  then, 
whether  the  maintenance  man-hour  requirement  should  be  further  broken  down  by 
skill  level  or  whether  the  sum  of  man-hours  for  all  skill  levels  is  sufficient. 

The  decision  on  the  extent  of  breakdown  and  therefore  the  level  of  the  analysis 
depends  upon  a number  of  considerations,  including  the  availability  of  data 
and  the  funding  as  well  as  the  time  available  for  the  analysis. 

Unique  Identification  of  Factors  and  Subfactors 

The  levels  of  subordination  of  factors  and  subfactors  are  conveniently 
indicated  by  successive  Indentures  and  by  the  number  of  "bullets"  appearing 
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in  front  of  the  factor  or  subfactor,  Elementary  factors/subfactors  are  those 
having  the  largest  number  of  such  "bullets"  in  front  of  them. 

UsuaUy<  there  are  more  than  one  factor  or  subfactor  at  any  given 
level  of  subordination.  In  order  to  form  a unique  identification  o f each 
factor  and  subfactor,  a numbering  scheme  is  used  as  follows: 

; , The  number  of  digits  indicates  the  level  of  subordination  of 
the  factor  or  subfactor. 

. The  first  digit  represents  the  factors,  the  second  digit  represents 
' < the  subfactors,  the  third  digit  represents  subfactors  of  subfactors, 

etc. 

The  numerical  value  of  each  digit  represents  the  sequence  or 
position  of  the  corresponding  factor  or  subfactor  in  relation  to 
the  others  at  the  same  level  from  top  to  bottom,  starting  with 
• ' 1 forth©  first,  2 for  the  second,  etc. 

Since  the  number  of  factors  or  subfactors  at  any  given  le^ol  of 
subordination  will  be  limited  to  nine,  the  digits  will  range  from 
1 to  9 . As  a result,  it  is  not  necessary  to  have  any  separators 
between  the  digits  in  the  number  which  designates  the  unique 
identifier  for  a given  factor  or  subfactor. 

ASSIGNMENT  OF  FAC  TOR/SUB  FAC  TOR  WEIGHTS 

Purpose  of  Factor/Subfactor  Weights 

After  the  effectiveness  measures  are  broken  down  into  factors  and 
subfactors  and  their  associated  levels  of  subordination,  it  is  necessary  to 
assign  weights  at  each  level  of  subordination.  These  weights  serve  two 
essential  purposes.  First,  they  provide  a means  of  combining  the  ratings 
for  the  factors  and  subfactors  in  order  to  obtain  an  overall  numerical  rating 
for  each  effectiveness  measure.  Second,  they  provide  an  opportunity  for 
the  analyst  to  specify  how  much  each  factor  and  subfactor  Is  to  contribute 
to  the  effectiveness  rating  within  each  effectiveness  measure.  This  com- 
pliments the  level  structure  of  the  effectiveness  model,  which  shows  the 


breakdown  of  each  measure  of  effectiveness  into  factors  and  successive 
levels  of  subfactors  to  indicate  the  manner  in  which  the  various  criteria 
are  related  to  one  another  in  terms  of  subordinate  levels  of  considerations. 
On  the  other  hand,  weights  indicate  how  Important  each  consideration  is 
in  relation  to  the  others.  Thus,  the  factor  and  subfactor  weights  allow  the 
decision  maker  to  perform  trade-offs  between  relevant  considerations. 

Guidelines  for  Assigning  Factor/Subfactor  Weights 

The  approach  for  assigning  factor  and  subfactor  weights  is  similar  to 
that  used  for  assigning  weights  to  the  effectiveness  measures.  The  basis 
for  the  weight  assignment  is  subjective  judgement  guided  by  experience  and 
knowledge  of  the  candidate  systems,  the  vessels  and  the  objectives  of  the 
study.  Weight  assignments  should  be  made  in  consultation  with  individuals 
most  familiar  with  the  pertinent  criteria  under  consideration,  i.e.,  the 
factor/subfactors  of  each  M/E.  Following  are  some  guidelines  for  assign- 
ing factor/subfactor  weights . 

Weights  are  assigned  to  each  effectiveness  measure  systematically 
in  a step-by-step  manner,  following  the  factor/subfactor  level  of 
subordination  structure,  beginning  with  the  highest  level,  i.e., 
the  factors  of  the  effectiveness  measures. 

Weights  are  assigned  on  a per  level  basis  i.e.,  the  distribution 
of  weights  among  the  factors  or  subfactors  at  a given  level  should 
not  be  influenced  by  the  weights  already  assigned  or  those  to  be 
assigned  to  factors  and  subfactors  at  higher  or  lower  levels. 

Weights  are  distributed  to  factors  or  subfactors  at  the  same  level 
on  the  basis  of  the  importance  of  each  factor  cr  sub  factor  in 
relation  to  the  others . The  degree  of  importance  is  indicated  by 
the  numerical  value  assigned  to  the  factor  or  subfactor  weight, 
following  the  convention  that  a higher  weight  means  greater 
importance  and  a lower  weight  means  less  importance. 
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The  numerical  value  of  the  factor/subfactor  weights  are 
given  as  a percentage  on  a scale  from  0 to  100%  (given 
to  the  nearest  percentage  point) . 

Weights  must  be  distributed  among  the  factor/subfactors 
at  the  same  level,  taking  relative  importance  into  account, 
so  that  the  sum  of  the  weights  at  any  given  level  is  equal 
to  100,  i.e. , 

n 

W + W0  + W„  + W = /_  =100 

1*3  n *777 « 


Factor/subfactor  weights  are  system  independent  but  may 
be  vessel  dependent,  i.e,,  the  distribution  of  weights  at 
an*  given  factor/subfactor  level  may  be  different  for  each 
vessel.  This  enables  one  to  accommodate  the  fact  that 
some  considerations  may  be  more  important  on  one  vessel 
than  on  another  vessel. 
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DEVELOPMENT  OF  EFFECTIVENESS  RATING  FUNCTIONS  (ERFs) 


Purpose  and  Definition  of  ERFs 

Having  developed  the  structure  of  the  effectiveness  model,  (consisting 
of  a breakdown  of  each  Measure  of  Effectiveness  (M/E)  into  its  factors  and 
subordinate  subfactors  ) and  having  assigned  weights  to  the  M/Es  and  to 
all  factors  and  subfactors,  it  is  necessary  to  determine  a numerical  effective- 
ness rating  for  the  elementary  factor  s/subfactors  for  each  viable  candidate 
system  vessel  combination  in  order  to  quantify  each  M/E  as  well  as  the 
overall  effectiveness.  Determination  of  numerical  effectiveness  ratings 
for  each  elementary  factor/subfactor  consists  of  the  following  three  steps: 

. Development  of  an  effectiveness  rating  function  (ERF)  for  every 
elementary  factor/subfactor  within  each  M/E. 

. Development  of  effectiveness  attribute  data  for  every  viable 
candidate  system/vessel  combination,  as  required  for  input  to 
each  effectiveness  rating  function, 

. Use  of  the  effectiveness  attribute  data  for  each  viable  candidate 
system/ vessel  combination  as  input  to  the  effectiveness  rating 
functions  to  obtain  an  effectiveness  rating  for  every  elementary 
factor/subfactor. 

An  effectiveness  rating  function  establishes  a generic  relationship 
between  a relevant  quantitative  or  qualitative  sy stem/ vessel  characteristic, 
i.e.,  the  "value"  of  the  system/vessel  attribute,  and  a numerical  rating 
which  expresses  a subjective  Judgement  of  the  "worth",  "quality", 
desirability,  adequacy,  acceptability,  preference,  etc,,  of  the  attribute 
"value".  The  rating  Is  a subjective  indicator  of  how  well  each  candidate 
fulfills  (on  a relative  basis)  the  criterion  established  by  the  relevant 
elementary  fcctor/subfactor.  This  is  to  be  distinguished  from  the  factor/ 
subfactor  weights  which  indicate  how  important  (on  a relative  basis)  each 
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criterion  is.  Establishment  of  the  effectiveness  rating  functions  constitutes 
the  final  step  in  the  development  of  the  effectiveness  model.  After  this  step 
has  been  completed,  the  quantification  of  effectiveness  becomes  a straight- 
forward, although  tedious,  procedure  which  readily  lends  itself  to  computer 
implementation. 

Steps  in  the  Development  of  FRF s 

Since  the  effectiveness  rating  functions  (in  conjunction  with  the  M/E 
and  factor/subfactor  weights  and  levels  of  subordination)  form  the  ultimate 
basis  for  quantifying  the  effectiveness  of  each  viable  candidate  system/ 
vessel  combination,  great  care  should  be  exercised  in  their  development. 

The  derivation  of  effectiveness  rating  functions  requires  a clear  ana 
thorough  understanding  of  the  criteria  which  are  implied  by  the  relevant 
elementary  factors/subfactors,  knowledge  of  the  candidate  system/vessel 
characteristics  (attributes)  and  the  manner  in  which  they  are  "measured" 
as  well  as  the  ranges  of  "values"  of  the  attribute  data,  and  the  use  of 
subjective  Judgement  as  to  what  constitutes  "good"  and  "poor"  attribute 
"values"  for  candidate  system/vessel  characteristics.  The  development 
of  effectiveness  rating  functions  consists  of  the  following  three  basic  steps: 

. Determine  the  system/ vessel  characteristic  which  will  serve  as 
the* effectiveness  attribute  variable  to  be  used  as  a "measure" 
of  the  criterion  implied  by  the  relevant  elementary  factor/ 
subfactor.  This  step  may  entail  an  intermediate  step  which 
combines  two  (or  more)  different  types  of  raw  system/ vessel 
characteristics,  e.g.,  the  use  of  skill  weighted  man-hours  us  a 
measure  of  the  burden  on  the  vessel  crew  for  system  operation 
and  maintenance,  or  the  use  of  system  weight  and  its  location 
within  the  vessel  to  determine  the  moment  as  a measure  of  the 
effect  on  vessel  stability,  him  or  list.  Effectiveness  attribute 
variables  may  be  system  dependent  only  (e.g.,  odor,  noise,  etc.) 
or  system  and  vessei  dependent  (e.g.,  moment).  System/vessel 
attribute  variables  may  be  quantitative  (e.g,,  dimensions  in  feet,  number 
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of  man-hours  required  for  operation/ maintenance,  the  number 
of  different  spare  part  types  required)  or  they  may  be  qualita- 
tive (c.cj.,  odor  or  noise  produced  by  system,  complexity  ot 
system).  Quantitative  effectiveness  attribute  variables  may 
be  continuous  (c.g. , weight  of  system,  consumption  of  fuel, 
etc,)  or  they  may  be  discrete  (e.g,,  the  number  of  skill  levels 
required  for  operation/maintenance,  the  number  of  duplicate 
systems  required,  etc.). 

Determine  the  format,  l.e.,  form  and  shape,  of  the  functions  to  be 
used  in  relating  "values"  of  the  effectiveness  attribute  variable 
on  the  horizontal  axis  to  rating  numbors  on  the  vertical  axis 
which  are  a measure  of  the  "worth"  or  degree  of  "goodness",  the 
"desirability",  etc,,  of  the  corresponding  "value"  of  the  attribute 
variable.  This  stop  requires  the  use  of  subjective  judgement  to 
determine  what  constitutes  "good"  and  "poor"  "values"  for  the 
pertinent  systom/ vessel  attribute  variable.  It  also  requires 
determination  of  tho  "rate"  at  which  changes  in  attribute  values 
are  to  be  "rewarded1' or  "penalized",  l.e.,  it  requires  that  a 
rating  number  bo  assigned  to  every  possible  "value"  of  the 
attribute  variable.  The  ratings  are  numerically  expressed  as  a 
percentage,  on  a scale  ranging  from  0 to  100%,  using  tho  con- 
vention that  a high  rating  represents  a favorable  condition  and 
a low  rating  represents  an  unfavorable  condition  (i.o.,  an  un- 
desirable value  of  tho  attribute  variable) . 

Determine  the  "limits"  ("upper"  and  "lower")  of  tho  rating  func- 
tion, This  is  based  on  subjective  judgement  of  what  constitute 
'‘acceptable)"  and  "unacceptable"  system/vessol  "values"  for 
tho  attribute  variable. 
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Criteria  and  Guidelines  for  Developing  FRFs 

Tho  development  effectiveness  rating  functions  is,  to  a largo  extent, 
an  art  and  as  a result  the  quality  of  the  rating  functions  Is  dependent  on 
tho  ingenuity,  creativeness  and  resourcefulness  of  the  analyst.  It  is  noted 
that  this  also  applies  to  the  development  of  the  structure  oi  the  effectiveness 
model.  As  a result,  a step  by  step  systematic  procedure  for  formulating 
effectiveness  rating  functions  cannot  be  given.  Instead,  guidelines  and 
assessment  criteria  lor  tho  development  of  effectiveness  rating  functions 
will  be  given. 

Following  are  some  criteria  for  judging  tho  quality  of  an  effoctivonoss 
rating  function.  An  elegant  rating  function  is  characterized  by  the  following 
qualitites: 

. It  directly  addresses  the  intended  criterion  and  encompasses  all 
the  issues  implied  by  the  elementary  factor/subfactor. 

. It  is  simple,  i.e. , the  rating  procedure  is  transparent  (visible)  to  tho 
reader  without  resorting  to  elaborate  explanations,  and  the  reader 
can  relate  to  it  readily  (i.e.,  the  reaction  is  that  it  is  "obviously" 
the  way  to  do  it,  after  he  seer,  how  it  was  done). 

. It  highlights  and  emphasizes  differences  and  suppresses  similar- 
ities between  candidate  system/ vessel  combinations, 

. It  is  consistent  with  the  effectiveness  attribute  data  availability, 
i.e,,  it  does  not  require  data  which  are  not  roadily  available  and 
makos  use  of  nil  pertinent  data  which  can  roadily  be  obtained. 

. K has  a relatively  high  degree  of  repeatability  (with  respect  to 
time  and  across  individuals),  especially  for  subjective  criteria, 

Following  are  some  guidelines  for  developing  effectiveness  rating 
functions  for  elementary  factors/subfnctors. 
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. It  is  not  necessary  to  be  familiar  with  the  details  of  the  structure 
of  the  effectiveness  model,  or  the  associated  M/E  and  factor/ 
subfactor  weights,  in  order  to  formulate  cogent  rating  functions, 

. It  is  not  necessary  to  have  the  actual  system/vessel  attribute 
data  available  in  order  to  formulate  the  concc  )t  and  general 
shape  of  the  effectiveness  rating  function,  l.o.vever,  ful ' 
definition  of  a rating  function  may  have  to  a wait  determination 
of  the  effectiveness  attribute  data  for  all  viable  candidate 
system/ vessel  combination  in  order  to  fix  limits,  ranges,  extreme 
points,  function  shape,  etc. 

. The  purpose  of  effectiveness  rating  functions  is  to  measure  "how 
good"  a systom/vcssel  characteristic  is.  Rating  functions  are 
not  concerned  with  "how  important"  that  characteristic  or  feature 
is  (this  aspect  is  handled  by  the  factor/subfactor  weights). 

. Effectiveness  rating  functions  for  elementary  factors/subfactors 
should  be  structured  such  that  a higher  numerical  rating  means 
"better",  "more  favorable",  "more  adequate",  etc.,  and  a lower 
numerical  rating  means  "worse",  etc. 

, Ravings  of  elementary  fnctors/subfactors  (i.o.,  the  result  of 
substituting  system/ vessel  offer  tlv<  ■>oss  attribute  data  into  a 
rating  function)  will  bo  expressed  as  a percentage  ranging  from 
0 to  100%,  Ratings  should  be  given  to  the  nearest  percentage 
point, 

. Effectiveness  rating  functions  are  always  system  dependent  and 
may  or  may  not  be  vessel  dependent  too. 

. Ideally,  effectiveness  rating  functions  which  measure  consumption 
of  vessel  resources  (fuel,  electric  powor,  space,  man-hours,  etc.) 
should  be  related  (normalized)  to  vessel  capacity,  rather  than 
using  a normalization  scheme  based  on  the  maximum  value. 
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, Vessel  dependence  of  on  effectiveness  rating  function  can  be 
' handled  by  one  of  the  following  methods; 

Prepare  separate  curves  for  each  vessel  or  show  a family 
of  curves  on  the  same  set  of  axes  with  the  vessel  as  the 

, - , . t , , ’ 

• parameter, 

; , Use  a generalized  effectiveness  attribute  variable  which 

incorporates  the  vessel  dependence  in  it  (c.g.,  WMS  electric 
power  consumption  expressed  as  a percentage  of  the  whole 
or  a fraction  of  the  vessel  generating  capacity), 

, , Use  an  effectiveness  attribute  variable  which  incorporates 
the  vessel  dependence  as  an  explicit  parameter  to  be  entered 
when  evaluating  a given  systcm/vessel  combination,  i.e., 

. , . ; . ... 

the  actual  position  of  a given  system/vessel  combination 
on  the  attribute  scale  becomes  fixed  when  the  vessel  parameter 
(in  addition  to  the  system  attribute  value)  Is  substituted. 

. Effectiveness  rating  functions  should  be  consistent  with  the 
availability  of  system/vcsscl  effectiveness  attribute  data, 
it  should  utilise  the  data  which  Is  readily  available  to  the 
maximum  extent  but  should  not  place  an  undue  burden  on  data 
requirements  by  specifying  data  which  is  either  unavailable  or 
is  impractical  because  it  requires  an  unwarranted  effort  or  expense 
to  obtain, 

, An  effectiveness  attribute  variable  may  itself  be  a function  of  other 
row  system/vessel  attribute  variables  (o.g.,  weighting  man-hours 
by  skill  level  to  obtain  a skill  weighted  labor  requirement,  etc,), 

, A primary  purpose  of  effectiveness  rating  functions  is  to  highlight 
diffaiences  between  system  candidates  rather  than  to  show 
similarities.  This  should  be  taken  into  account  when  structuring 
rating  function  shapes,  establishing  ranges,  extremo  points,  etc. 
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In  rating  certain  undesirable  attributes,  consideration  should  be 
given  to  system/vessel  conditions  which  facilitate  easy  elimina- 
tion or  alleviation  of  the  problem  (e.g.,  better  ventilation  to  remove 
odor  and  heat,  better  shock  mounts  to  reduce  vibration,  etc.)  by 
"penalizing"  such  system/vessel  combinations  less  than  those  which 
do  not  have  this  property. 

Effectiveness  rating  functions  which  depend  on  subjective  judge- 
ments should  take  into  account  the  tendency  of  most  people  to 
provide  answers  which  tend  toward  the  average.  This  can  be 
counteracted  by  providing  many  response  choices  at  the  extremes 
(good/bad,  high/low,  much/little)  and  few  at  the  midpoint  or 
average. 

Difficult  (conceptually  or  otherwise)  effectiveness  rating  functions 
are  probably  best  done  in  stages  rather  than  investing  a lot  of 
time  trying  to  formulate  it  during  the  first  attempt. 

Effectiveness  rating  functions  and  the  form  of  the  required  attribute 
data  should  be  transparent  (visible)  to  the  reader.  If  intermediate 
steps  are  used  to  convert  the  necessary  raw  attribute  data  to  the 
required  format,  these  steps  should  be  clearly  indicated.  Unless 
there  are  compelling  or  overriding  considerations,  rating  function 
shapes  should  be  simple  curves  (a  shape  which  is  readily  "under- 
stood" by  the  reader).  Examples  of  overriding  considerations  which 
would  warrant  more  complicated  rating  function  shapes  is  a priori 
knowledge  that  the  effect  under  consideration  is  a non  linear 
function  (i.e.,  it  varies  as  the  square,  the  square  root,  exponen- 
tially, etc,)  of  the  attribute  variable.  Suoh  a non  linear  func- 
tional relationship  may  also  be  used  to  "penalize"  or  "reward"  a 
candidate  system/vessel  combination  which  has  "good"  or  "poor" 
values  for  the  attribute  variable . 


Some  Examples  of  FRFs 


Examples  of  possible  effectiveness  rating  function  shapes  are  shown 
in  Figure  5.  The  functions  represented  by  (a),  (b),  (c)  and  (d)  in  Figure  5 
are  for  effectiveness  attributes  which  are  continuous  variables.  The  func- 
tions represented  by  (e)  and  (f)  are  for  attributes  which  are  either  discrete 
variables  or  for  continuous  variables  for  which  ratings  are  more  readily 
assigned  to  ranges  of  the  variable  instead  of  to  every  possible  value  of 
the  variable.  The  functions  represented  by  (g)  and  (h)  are  for  attribute 
variables  whose  "values"  ?rd  not  numerical  but  represent  either  qualitative 
information  or  yes/ no  answers  to  specific  questions.  Functions  represented 
by  (a),  (b),  and  (e)  are  such  that  the  higher  the  value  of  the  attribute  variable, 
the  lower  the  rating  and  vice  versa,  i.e,,  low  values  of  the  attribute  are 
favorable  and  high  values  are  unfavorable  (e.g.,  total  man-hours  required 
for  maintenance,  the  total  number  of  different  skill  levels  required). 

The  functions  represented  by  (c),  (d)  and  (f)  are  such  that  the  higher  the 
value  of  the  attribute  variable  the  higher  the  rating  and  vice  versa,  i.e., 
high  values  of  the  variable  are  favorable  and  low  values  are  unfavorable 
(e.g.,  MTBF  of  an  equipment).  Functions  (a)  and  (c)  are  representative 
of  attribute  variables  which  have  an  upper  limit,  whereas  functions  (b)  and 
(d)  are  representative  of  variables  which  do  not  have  an  upper  limit.  It  is 
noted  that  an  attribute  variable  may  inherently  not  have  an  upper  limit  yet 
be  represented  by  a function  which  shows  an  upper  limit.  An  example  of 
such  a situation  is  an  attribute  variable  such  as  total  maintenance  man-hours 
which  nas  been  normalized  by  dividing  the  value  for  each  candidate  cither 
by  the  highest  value  or  by  a fraction  of  a year  or  by  the  vessel  complement 
(or  fraction  thereof).  The  value  used  for  normalization  thus  becomes  the 
upper  limit.  Function  (g)  is  representative  of  an  attribute  variable  which  is 
qualitative  in  nature  and  the  "values"  of  the  variable  are  degrees  of  "goodness 
in  comparison  to  some  specified  standard  (e.g.,  the  odor  level  generated 
by  the  WMS  fixtures,  in  comparison  to  standard  household  fixtures).  Function 
(h)  represents  an  attribute  variable  whose  "values"  are  yes/no  answers  to  a 
specific  question  (e.g.,  "are  special  tools  required?"). 
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Figure  5 

EXAMPLES  OF  EFFECTIVENESS  RATING  FUNCTION  SHAPES 
FOR  ELEMENTARY  FACTORS/SUBFACTORS 


The  sample  functions  presented  In  Figure  5 are  suggestive  of  the 
procedures  used  for  rating  elementary  fagtors/subfactors,  The  actual 
functions  to  be  used  in  any  given  problem  have  to  be  determined  by  the 
analyst  on  the  basis  of  his  familiarity  with  the  candidate  system/vessel 
combinations  involved,  the  data  available,  his  experience  and  judgement. 

Further  examples  of  effectiveness  rating  functions  are  provided  in 
figure  6 which  shows  ratings  of  some  automobile  characteristics  which 
~ ^nnay  be  of  interest  to  some  users.  The  function  in  (a)  attempts  to  rate 

automobile  fuel  economy.  This  rating  function  indicates  that  an  automobile 
getting  less  than  5 miles/gallon  is  considered  to  be  unacceptable  (a  rating 
of  0%),  whereas  an  automobile  which  yields  40  miles/gallon  or  more  is 
considered  to  have  the  maximum  rating  of  100%.  Automobiles  which  have 
fuel  economies  within  the  range  of  these  two  extremes  are  rated  on  a linear 
scale  sloping  from  0 to  100%.  The  functions  in  (b),  (c),  and  (d)  for  rating 
automobile  range,  stopping  distance  and  acceleration,  respectively,  are 
based  on  the  same  principle.  The  rating  function  in  (e)  for  rating  handling 
and  steering  are  subi  ,ctlve  estimates  based  on  comparison  to  an  implied 
standard,  in  this  ca  3,  the  "average"  of  all  automobiles.  The  rating  function 
in  (f)  for  arrangement  and  labeling  of  instruments  is  based  on  an  absolute 
(as  opposed  to  comparison)  qualitative  subjective  estimate.  The  rating 
function  in  (a)  for  safety  features  such  as  the  existence  of  reinforcement 
or  a collapsible  steering  column  is  a two  valued  (0  or  100%)  rating  function 
based  on  the  answer  to  a yes  or  no  question. 

"Difficult"  ERFs  and  Repeatability 

It  is  recalled  that  an  elementary  factor  or  subfactor  is  one  that  cncom- 
passos  a single  consideration  or  criterion  and  hence  can  be  rated  by  relating 
it  to  some  characteristic  or  attribute  of  the  candidate  system/ vessel  com- 
bination, However,  there  are  circumstances  in  which  the  formulation  of  a 
rating  function,  which  requires  subjective  assessment  of  the  attribute,  is 
complicated  by  the  fact  that  the  elementary  factor/subfactor  depends  on 


(a) 


(b) 


RANGE 


FUEL  ECOUOiW 


STOPPING  DISTANCE 


<d)  ..  ACCELERATION 


ACCELERATION  TINE  (SECONDS)  FROM  0 to  60  HPH 


<e) 


HANDLING  ami  STEERING 


(f) 


ARRAIK&liEIII  aho  LABELING  Of  HISIRUMEHIS 


(9) 


SAFtTY  FEATUES 

xn 

YES 

...  KI’ITORCEMNT 

JL 

...  COLLAPSIBLE  STEERING  COLtlLN 

Figure  6 

EXAMPLES  OF  EFFECTIVENESS  RATING  FUNCTIONS 
FOR  AUTOMOBILE  CHARACTERISTICS 

216 


V*:-  <T  A -r  I ,— -flf  'nrATfflBIil 


more  than  one  variable  (e.g.,  the  effect  of  foreign  objects  based  on  a 
lengthy  list  of  objects),  or  the  data  available  for  a single  variable  is 
elaborate. 

An  example  of  such  a circumstance  is  presented  in  Figure  7 which 
provides  data  on  automobile  frequency  of  repairs,  broken  down  by  subsystem. 
The  frequency  of  failures  for  each  automobile  function  or  subsystem  Is  given 
as  one  of  five  possible  levels  or  degrees  and  are  designated  by  circles  which 
zare  either  blank  or  have  in  them  grosses,  slashes,  partial  and  full  shading. 
Note  that  one  would  find  it  difficult  to  use  this  information  directly  to  rank 
the  automobiles  with  respect  to  reliability,  especially  when  a fair  number 
of  candidate  automobiles  are  involved.  It  is  further  noted  that  even  if  one 
were  somehow  able  to  rank  the  reliability  of  the  automobiles  at  a given  time, 
the  repeatability  of  such  a ranking,  even  by  the  same  individual,  at  a later 
time  would  be  relatively  poor.  Finally,  it  is  noted  that  even  if  one  some- 
how managed  to  rank  the  automobiles  on  the  basis  of  reliability  so  that  a 
given  candidate  is  more  reliable  than  another  candidate,  one  would  find  it 
extremely  difficult  to  answer  the  question  by  how  much? 

Before  proceeding  to  a proposed  approach  for  developing  effectiveness 
rating  functions  for  situations  of  this  type,  it  is  worthwhile  to  examine 
what  makes  this  example  (and  others  similar  to  it)  "difficult".  The  problem 
is  that  there  are  Subjective  elements  and  many  mechanical  elements  and 
the  usual  thought  process  Is  such  that  the  two  are  intermingled  and  decisions 
are  made  on  the  basis  of  an  unclear  mix  of  the  two.  Hence,  the  reason  for 
poor  repeatability  because  the  mechanical  elements,  although  simple,  may 
bo  numerous  and  therefore  overpower  the  subjective  elements,  although 
they  may  be  few  in  number.  In  the  above  example,  the  subjective  elements 
are  the  relative  importance  of  each  subsystem  and  the  "worth"  of  each  level 
of  frequency  of  failure.  The  mechanical  element  is  the  "count"  of  the  number 
of  symbols  of  each  type  for  a given  candidate  automobile. 
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Figure  7 
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The  solution  to  the  problem  of  formulating  effectiveness  rating 
functions  for  "difficult"  situations  of  this  type  is  to  proceed  as  follows: 

, Identify  and  separate  the  subjective  and  the  mechanical  aspects 
clearly  and  concisely. 

. Carefully  pinpoint  and  study  the  subjective  elements  and  make 
judgements  relative  to  these  elements  only.  Carefully  document 
these  judgements  and  the  reasoning  behind  them,  if  any. 

Develop  a numerical  procedure  for  systematically  combining 
the  subjective  and  the  mechanical  elements  to  yield  a rating  for 
a given  candidate. 

An  example  of  the  application  of  the  above  principles  to  formulate 
an  effectiveness  rating  function  for  automobile  reliability  based  on  failure 
frequency  data  Is  presented  in  Figure  8.  It  is  noted  that  the  effectiveness 
rating  function  in  Figure  8 is  based  on  the  following  subjective  judgements: 

. The  "importance"  (on  a relative  basis)  of  each  subsystem  (Wj)„ 

. The  "worth"  (D)  of  each  possible  reported  ranking  of  failure  frequency, 
i.e,,  much  better  than  average  (®),  better  than  average  (0), 
average  (O),  worse  than  average  (©),  much  worse  than  average  (•) , 

. The  "range"  of  acceptable  values  for  the  attribute  variable, 
which  was  chosen  to  be  a Record  of  Repair  Index  (R)  obtained 
as  the  sum  of  products  of  the  importance  (Wi)  and  the  "worth"  (Dj) 
of  each  subsystem  for  each  year  of  reported  data.  This  "range" 
was  obtained  by  choosing  a "minimum  acceptable"  value  for  R 
of  -2.0  (from  a possible  "lowest"  value  of  -4.0)  and  the  maximum 
possible  value  for  R of  +4.0,  which  is  considered  to  be  "ideal". 

A linear  relationship  was  chosen  for  rating  candidate  automobiles 
whose  Record  of  Repair  Index  (R)  falls  In  between  these  two  limits. 


g'ljW^ars'Jlii.^egprTW;.^. 


R = ^WjDj,  where 
i 

i - Subsystem  Identification 

Dj  - Reliability  of  subsystem  i based  on  repair  record. 
Dj  takes  on  discrete  values  from  +1,0  to  -1.0  in 
steps  of  .5,  based  on  repair  record  as  follows: 

Symbol 
® CROSS 
0 SLASH 
O blank 

Q BLACK 
0 BLACK 

Wj  - Weight  (importance)  of  subsystem  l.  The  values  of 
Wj  are  chosen  so  that 

Y Wj  * 1.0  (100%) 

1 


D Interpretation 

** — ► + 1.0  Much  better  than  average 
*+ — ► +0. 5 Better  than  average 
— +-  0 Average 
— »--0.5  Worse  than  average 
— -►-1,0  Much  worse  than  average 


Figure  8 

EFFECTIVENESS  RATING  FUNCTION  FOR  AUTOMOBILE  RELIABILITY 
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it  is  noted  that  once  the  above  subjective  judgements  have  been 
made,  together  with  the  definition  of  the  attribute  variable  (the  Record  of 
Rep:  *i  index,  R)  the  rating  of  the  reliability  for  any  given  candidate  automobile 
is  ;>t  only  purely  mechanical,  straightforward  and  systematic  but  it  is  also 
, peri  ;ly  repeatable.  It  is  suggested  that  the  overall  repeatability  of  the 
ratings,  with  the  inclusion  of  the  subjective  elements,  is  much  higher 
with  the  use  of  this  approach  than  it  would  be  without  it,  i.e.,  on  the 
basis  of  a direct  visual  comparison  of  the  failure  frequently  data  for  each 
automobile.  Furthermore,  the  above  scheme  for  rating  automobile  reliability 
not  only  ranks  the  candidates  with  respect  to  reliability,  but  it  also  Indicates 
"by  how  much"  one  candidate  is  "more  reliable"  than  any  other  candidate 
on  a relative  basis,  which  results  from  using  the  same  rating  procedure  fori 
each  candidate.  ">  , 

A final  comment  on  the  above  example  involves  the  treatment  of  \r 
missing  data.  The  amount  of  data  available  may  not  be  the  same  for  all  can- 
didate automobiles.  This  may  be  due  to  the  fact  that  some  models  may 
have  been  introduced  during  the  years  for  which  failure  frequency  data  was 
collected,  or  Insufficient  data  may  be  available  for  some  models  or  for  some 
of  the  subsystems  of  some  models  due  to  inadequate  user  response.  Since 
■ the  value  of  the  attribute  variable,  the  Record  of  Repair  Index  (R)  must  be 
based  on  the  same  amount  of  data  for  all  candidates  in  order  for  it  to  have 
a consistent  interpretation  with  respect  to  relative  magnitudes,  it  is  neces- 
sary to  fill  in  the  "missing"  data  (whether  real  or  artificial).  The  procedure 
which  may  be  adopted  for  filling  in  missing  data  depends  on  one’s  attitude 
toward  data  which  is  unavailable.  That  is,  one  can  be  an  optimist  and 
assume  that  if  the  data  were  available,  it  would  be  favorable,  or  use  the 
argument  that  since  the  facts  arc  not  known  it  is  "unfair"  to  assume  that 
the  data  would  tend  to  penalize  the  system.  On  the  other  hand,  one  can  bo 
a pessimist  and  assume  that  if  the  data  were  available,  it  would  be  un- 
favorable, or  use  the  argument  that  unavailability  of  data  is  as  bad  as 
available  unfavorable  data  since  the  decision  has  to  l ; made  now  and 
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cannot  bo  dolor  rod  until  such  time  that  data  does  become  available.  Another 
possible  approach,  perhaps  In  between  the  above  two  extremes,  Is  to  use 
some  procedure  which  fills  In  the  missing  data  with  tho  "average"  of  the 
available  data.  If  the  missing  data  is  for  one  or  more  entire  year  then 
'one  can  determine  a value  of  R based  on  2 or  3 years  and  apply  a scaling 
factor  (of  2 or  4/3)  to  convort  It  to  an  aqulvnlent  R based  on  4 years  of 
data. 

Simplified  RRFs  Based  on  Ranking 

Tho  procedures  described  above  for  rating  elementary  factors  and  sub- 
factors  may  not  bo  practical  in  certain  situations  due  to  one  of  the  following 
reasons. 

. Quantitative  data  is  riot  available, 

. A slmplei  and  quicker  rating  procedure  is  warranted  duo  to  the 
relatively  high  level  of  tho  analysis,  o.g,,  during  the  early 
stages  of  tho  system  life-cyclc  (such  as  during  concept  formula- 
tion) . 

, Tho  unavailability  of  sufficient  time  and/or  funding  for  a detailed 
analysis. 

. Tho  ratings  are  based  on  highly  subjective  attribute  data  which 
require  difficult  judgement. 


Instead,  a simplified  rating  procedure  is  desired. 


The  simplified  elementary  factor/'subfactor  rating  procedure  is  based 
on  a ranking  of  the  candidates.  This  approach  is  relatively  fast  and  s imple 
to  use,  however,  some  accuracy  is  sacrificed.  The  procedure  consists  of 
two  simple  steps,  first,  the  candidates  are  ranked  with  rospeot  to  tho 
attribute,  starting  with  one  (1)  for  the  "best",  two  for  the  "second  best",  etc 
The  elementary  faotor/subfaotor  rating  (R)  is  then  determined  from  the 
relationship  , 


R = 100 


, whore 


i «•  Rank  ot  the  candidate 


n « The  total  number  of  candidates 
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In  order  to  illustrate  the  use  of  the  rating  procedure  based  on  a ranking 
of  candidates  and  to  point  out  the  associated  loss  of  accuracy,  consider  the 
following  example.  The  effectiveness  of  three  candidate  systems  is  being 
evaluated  for  the  effectiveness  measure  "Maintainability"  in  which  one  of 
the  elementary  subfactors  depends  on  the  system  attribute  man-hours 
consumed  per  year. 

Assume  that  the  three  candidate  systems  (A,  B and  C)  have  the  follow- 
ing values  of  this  attribute: 

System  Attribute  (Man-Hours) 

A 500 

B 15 

C 5 

A ranking  procedure,  assuming  that  a lower  man-hour  requirement  is 
more  desirable,  would  assign  the  following  ranks  to  the  above  systems: 


System  Attribute  (Man-Hours)  Rank 
A 500  3 

B 15  2 

C 5 1 


These  rankings  are  then  converted  to  effectiveness  ratings  In  the  range 
from  0 to  100%  by  the  following  relation; 


Rating  (Man-Hours)  - (1  - Rank^Man-Hcurs)] ) 1Q() 

The  above  relationship  yields  the  following  results  based  on  ranking: 

Ra  nk 


System  Attribute  (Man-Hours) 

A 500  3 

B 15  2 

C 5 1 


Rating  (Man-Hours)  - % 
25 
50 
75 
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These  results  indicate  that  the  three  systems  are  different  and  that 
System  B is  "better"  than  System  A and  that  System  C is  "better"  than 
System  B.  These  conclusions  are  consistent  with  what  one  would  expect 
based  on  an  examination  of  the  raw  data  presented.  However,  the  results 
indicate  an  "equal"  difference  of  25%  between  Systems  A and  B,  and  between 
Systems  B and  C.  This  conclusion  contradicts  what  is  Intuitively  expected 
on  the  basts  of  the  raw  data. 

To  illustrate  the  type  of  results  provided  by  a rating  which  is  based 
on  the  absolute  value  of  the  attribute  data  rather  than  on  a ranking,  consider 
the  simple  rating  scheme  which  subtracts  the  relative  magnitude  of  the 
attribute  (normalized  by  dividing  each  by  1000  man-hours)  from  1.0,  namely: 

feting  (Man-Hours)  = (1  . . SMSHz OSHE*! , !00% 

The  above  evaluation  scheme  yields  the  following  results: 

stem  Attribute  (Man-Hours)  Rating  (Man-Hours)  - % 

A 500  SO 

B 15  98.5 

C 5 9 9.5 

These  results  again  indicate  that  System  B is  "better"  than  System  A 
and  that  System  C is  "better"  than  System  B.  However,  the  results  also 
indicate  that  the  difference  between  Systems  B and  A is  much  greater  than 
the  difference  between  Systems  C and  B.  This  is  more  in  accordance  with 
the  type  of  results  which  are  intuitively  expected  oa  the  basis  of  an  examina- 
tion of  the  tow  data , 

Comparison  of  the  effectiveness  ratings  based  on  a ranking  scheme  with 
those  based  on  the  absolute  value  of  the  attrlbut*  data  Indicates  the  essential 
differences  and  similarities  between  these  two  methods  of  rating  olomontary 
factors  and  subfactors.  Both  methods  arc  capable  of  answering  the  question: 


which  system  is  'better'"?  However,  the  conventional  effectiveness  rating 
scheme  is  also  capable  of  answering  the  question:  "By  how  much?",  whereas 
the  rating  scheme  based  on  ranking  obscures  degrees  of  difference  between 
the  condidaces . 

Simplified  ERFs  Based  on  Qualitative  Assignments 

- • The  effectiveness  rating  functions  discussed  earlier  are  generally 

based  on  having  either  explicit  quantitative  systerry' vessel  attribute  data 
or  qualitative/subjective  data  based  on  comparing  all  candidates  to  either 
a specified  standard  or  to  one  another  (ranking).  A very  simple  type  of 
effectiveness  rating  function  can  be  formulated  on  the  basis  of  absolute 
qualitative  assignments  based  on  subjective  judgements.  An  example  of 
such  a rating  function  is  presented  in  Figure  6 (f),  which  rates  the  adequacy 
of  the  arrangement  and  labeling  of  instruments  in  an  automobile.  The  rating 
process  simply  consists  of  deciding  for  each  candidate  that  the  instrument 
arrangement  and  labeling  is  characterized  best  as  very  good,  good,  poor, 
very  bad . 

The  procedure  for  formulating  effectiveness  rating  functions  based  on 
qualitative  assignments  consist  of  two  simple  steps  as  follows: 

, Choose  a number  of  absolute  qualitative  levels  or  degrees  of 
"goodness"  to  characterize  the  systom/vessel  attribute  under 
consideration  (e.g.,  excellent,  good,  acceptable,  poor,  un- 
acceptable) . 

. Determine  the  "worth",  on  the  rating  scale,  expressed  as  a 
perce  »ge  ranging  from  0 to  100%,  of  each  of  the  qualitative 
levels  of  acceptability  chosen  to  characterize  any  candidate 
systcm/vessel  combination. 

It  is  noted  that  this  approach  for  formulating  effectiveness  rating 
functions  has  the  advantage  of  being  quick  and  easy  to  develop.  It  may 
be  used  in  a situation  which  requires  a quick  preliminary  analysis  when  data 
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is  either  unavailable  or  the  effort  to  obtain  It  is  not  warranted.  This  pro- 
cedure may  also  be  warranted  when  the  attribute  data,  even  in  the  context 
of  a detailed  analysis,  is  inherently  qualitative  and/or  highly  subjective. 

This  effectiveness  rating  procedure  for  elementary  factors/subfactors  may 
also  be  used  as  a last  resort  when  all  other  approaches  fail  for  any  reason,  A 
disadvantage  of  this  approach  (as  is  the  case  with  effectiveness  rating  functions 
based  on  ranking)  is  that  when  used  in  conjunction  with  available  quantitative 
attribute  data,  the  degrees  of  differences  between  candidate  systems  are  not 
adequately  reflected  because  the  rating  is  not  based  on  the  actual  value 
of  the  attribute  data  but  rather  on  a predetermined  value.  Another  dis- 
advantage is  that  this  rating  procedure  is  highly  subjective  and  may  result 
in  relatively  poor  repeatability. 

A Generalization  for  ERFs 

It  is  noted  from  the  earlier  discussions  that  the  formulation  of  effective- 
ness rating  functions  (ERFs)  could  be  difficult,  time  consuming  and  may 
require  a great  deal  of  ingenuity  due  to  the  variety  of  different  types  of  ERFs. 
While  the  development  of  ERFs  could  not  be  reduced  to  a simple,  mechanical 
procedure  requiring  no  Investment  of  creative  thinking,  it  is  possible  to 
outline  a systematic  procedure  which  can  be  followed  to  arrive  at  a formula- 
tion of  the  desired  ERFs.  Furthermore,  this  systematic  procedure  is  suf- 
ficiently general  to  accomodate  ail  types  of  ERFs  usually  encountered, 
as  well  as  the  different  types  of  effectiveness  attribute  data  associated 
with  the  different  type3  of  ERFs,  As  will  be  seen,  this  generalized  approach 
reduces  the  entire  process  of  formulating  ERFs  to  one  of  choosing  an  appro- 
priate attribute  variable  as  well  as  Us  lower  and  upper  limits.  All  the  rest 
follows  automatically. 

The  format  of  the  generalized  ERF  Is  depicted  in  Figure  9,  The 
generalized  ERF  In  (a)  is  used  for  attribute  variables  of  a type  for  which  a 
larger  value  Is  more  favorable  (l.e.,  represents  a "better"  candidate)  than 
lower  values,  and  (b)  is  used  for  attribute  variables  of  the  type  that  "reward" 
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systems  which  have  lower  values  of  the  attribute  variable.  As  will  be  seen 
shortly,  the  linear  relationships  of  the  ERFs  in  (a)  and  (b)  do  not  imply  that  the 
ERF  chosen  will  result  in  a linear  relationship  between  the  elementary 
factor/subfactor  rating  (R)  and  the  associated  raw  system/vessel  attribute 
data.  Non- linear  relationships  are  readily  established  by  the  proper  choice 
of  an  appropriate  attribute  variable  (2). 

As  was  indicated  previously,  the  important  issue  is  the  formulation  of 
the  attribute  variable  z which  in  turn  could  be  a function  of  one  or  more 
system/vessel  characteristics  or  attributes.  The  concepts  Involved  can 
best  be-  described  through  a number  of  examples. 

Consider  first  the  case  in  which  the  attribute  variable  is  a function  of 
a single  system/vessel  characteristic  x.  As  an  example,  the  system/vessel 
characteristic  or  raw  attribute  data  x could  be  the  holding  time  of  a WMS 
expressed  as  a percentage  of  the  maximum  holding  time  required  for  the 
vessel.  If  one  did  rot  have  a strong  opinion  regarding  the  "worth"  of 
holding  times  less  than  100%,  then  one  might  choose  to  use  a linear 
relationship  between  holding  time  and  effectiveness  rating,  R,  by  relating 
the  attribute  variable  2 to  the  system  characteristic  x linearly,  i.e,, 

2 = x 

This  yields  an  ERF  of  type  (a)  in  Figure  9,  in  which  a * 0,  b = 100  and  a 
functional  relationship  of  the  type 

R=2  = x,  0^x  —100 

If,  however,  one  felt  that  a holding  time  close  to  100%  is  "worth"  a lot  and 
hence  candidate  systems  should  be  greatly  "rewarded"  for  “good"  holding 
times,  then  one  might  decide  to  relate  the  attribute  variable  z to  the  system 
characteristic  x by 
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This  yields  an  ERF  of  type  (a)  in  Figure  9,  in  which  a = 0,  b = 10,000  and 
a functional  relationship  of  the  type 
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If  one  felt  even  stronger  about  the  value  of  "good"  or  "poor"  holding  times, 
then  one  could  emphasize  differences  in  system  holding  time?  even  to  a 
greater  extent  by  using  the  relationship 


z - xn,  n = 3,  4, 


The  resulting  ERF  would  then  be  (with  a = 0,  b “ lOO11) 


R-iSO.  z 
100n 


(100) 


n-1  * 


OSxSlOO 


holding  times  and  system  ratings  by  choosing  a relationship  of  the. 
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Another  way  to  accentuate  differences  is  to  use  an  exponential  relationship 
between 
type 

x 

z = e 
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The  resulting  ERF  would  be  (with  a » 1,  b * e100)  ' :\ V-'-\ \}'-i 
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On  the  other  hand,  if  one  felt  that  changes  in  holding  times  from  system 
to  system  should  be  deemphasized,  then  one  could  choose  a relationship 
of  the  type 

z * /x~, 

which  would  result  in  an  ERF  of  the  type  (with  a = 0,  b « /IbO  = 10) 

: - R = "u?  Z * 10  OS x 5 100 

^Further  deemphasis  can  be  obtained  by  using  a relationship  of  the  type 

n j 0 A 

z = s/  x » n = 3,  4 

which  would  yield  an  ERF  of  the  type  (with  a * 0,  b = 100 j 

R = z = f OSxSlOO 

ym~  !00  - 1 

Even  greater  deemphasis  can  be  obtained  by  relating  z and  x logarithmically 
as  follows: 

fc  *=  log  (x  -f  c),  where  c is  an  arbitrary  positive  constant 
This  would  result  in  an  ERF  of  the  type  (with  a = log  c,  b = log  (100  + c)) 

R * log  (lOO+'c)— log  o <z-lo,!c)-  log  cSz slog  <100+ c> 


(log  (x+c)  - log  c) 


0<x<100 


In  the  above  examples,  x was  assumed  to  be  a continuous  variable. 
However,  the  procedure  outlined  above  for  ERFs  is  sufficiently  general  to 
accommodate  system/ vessel  attribute  data  which  are  represented  by  discrete 
variables.  230 


A generalization  of  this  procedure  is  provided  by  the  situation  in  which 
the  system/ vessel  attribute  data  consists  of  a set  of  numbers  xj,  i = 1,  2...n 
(e.g.,  the  number  of  parts  required  from  each  category  i or  historical  data 
representing  equipment  failure  times) . The  attribute  variable  may  be 
chosen  as  the  average  value  of  x,  l.e. 


. n . . 

z = x *s—  y x 

n L i 
1=1  n 

or  the  ktk  moment  of  x,  i.e. , 

2 = n \ xi  • k “ 2*  3* 
i=l  n 

Another  possibility  is  to  apply  a weight  to  each  value  of  xA  (e.g., 
the  average  periodicity  of  maintenance  activities  weighted  by  the  duration 
of  each  activity)  and  use  an  attribute  variable  of  the  type 


n 


As  a further  generalization  of  the  approach  for  formulating  ERFs, 
consider  the  situation  in  which  the  system/ vessel  attribute  data  is 
characterized  by  two  (or  more)  variables,  £n  example  of  such  a situation 
may  be  an  ERF  for  evaluating  the  personnel  safety  of  candidate  system/vessel 
combinations  with  respect  to  a given  hazard.  The  safety  may  be  characterized 
by  the  following  two  variables: 

- The  likelihood  of  the  occurrence  of  the  hazard,  which  takes 
on  any  one  of  a specified  set  of  n discrete  numbers 

y^  - The  intensity  level  of  the  hazard,  which  takes  on  any  one 
of  a specified  set  of  k discrete  numbers 
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The  attribute  variable  can  be  chosen  as  a Hazard  Index  defined  as 

2 = Vi 

It  is  clear  that  z is  a discrete  variable  which  can  take  on  any  one  of  n(k) 
j/alues.  The  generalization  of  this  procedure  to  more  than  two  variables 
is  obvious. 

In  the  above  examples,  the  procedure  for  formulating  an  ERF  consists 
of  proceeding  as  follows: 

. Choose  the  functional  form  of  the  attribute  variable  z in  terms  of 
the  x,  , i.e.,  choose  the  functional  form  of 

z = f(xr  x2,  ...  xn) 

Determine  the  ERF  type  which  is  applicable,  i.e.,  either  type  (a) 
or  (b)  of  Figure  9, 

. Determine  the  lower  and  upper  limits  of  z,  a and  b,  respectively. 

The  lower  limit  will  yield  a rating  R of  0 and  the  upper  limit  will 
yield  a rating  R of  100%,  or  vice  versa. 

, Draw  a straight  line  with  slope  for  the  relationship  of  the 

D - cl 

rating  R in  terms  of  the  attribute  variable  z in  the  range  a to  b. 

This  graph  or  analytic  expression  can  then  be  used  to  rate  any 
candidate  systenv'vessel  combination. 

It  is  noted  that,  since  only  two  axes  are  available  for  displaying  the 
ERF,  the  functional  relationship  can  be  pictorlally  shown  only  in  terms  of  R 
and  the  attribute  variable  z.  In  the  examples  where  z was  a function  of  a 
single  variable  x (continuous  or  discrete),  it  is  possible  pictorially  to  display 
the  rating  R as  a function  of  either  attribute  variable  z or  the  system/vessel 
oharacteristlc  x. 
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A Desirable  Property  for  Attribute  Variables 


Having  developed  a generalized  and  systematic  procedure  for  formu- 
lating ERFs,  it  now  is  necessary  to  discuss  a property  of  attribute  variables 
which  is  very  desirable  and  hence  every  effort  should  be  made  to  ensure 
that  it  is  accommodated  when  choosing  an  attribute  variable.  The  purpose 
of  this  property  is  to  facilitate  a systematic  development  of  the  necessary 
subsystem  attribute  data  in  a convenient  format  which  can  then  readily  be 
used  for  evaluating  candidate  system/vessel  combinations  which  are  made 
up  of  either  different  combinations  of  subsystems  or  duplicate  systems. 

The  desired  property  is  the  ability  to  establish  a functional  relation- 
ship for  the  attribute  variable  of  any  candidate  system/vessel  combination 
in  terms  of  the  attribute  variable  of  its  constituents  or  duplicate  systems. 

Thus,  if  2 z , — z represent  the  same  type  of  attribute  variable  for 
12  n 

different  subsystems  or  duplicate  systems,  then  the  attribute  variable,  z, 
of  the  entire  system/vessel  combination  is  given  by 

2 = f (zj,  z2,  zn) 

Some  examples  of  possible  attribute  variables  which  have  this 
property  are  as  follows: 

z = z + z +...+Z  where* 

1 2 n • 


z . ~ 


L* 


i • 


where 


Xj  may  represent  the  duration  of  each  maintenance  action,  number  of  parts  of 
type  i required,  etc,,  for  a subsystem  or  for  one  of  the  multiple  systems 


*More  generally  z^  can  be  of  the  form 
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z = Max  (z  , , z _ , ...  2 ) , where 
12  n 

z - Odor  level  or  hazard  level  of  a subsystem 

2 = Min  (z,,  zol  ...  2 ),  where  • 

1 l n 

z - Ability  of  subsystem  to  handle  additional 


personnel,  foreign  materials,  etc. 


n 


2 = tt  z where 

■ - : - 1=1  J • 

etc. 

It  is  noted  that  an  attribute  variable  based  on  an  average  or  a higher 
order  moment,  i.e.,  n 

z=x=-£x 

... 

or 


2 = 1 T x*  , k = 2,  3, 
R O i 


i=  1 

does  not  possess  this  desirable  property.  The  approach  to  be  followed  in 
situations  of  this  type  is  to  compute  and  store  two  (or  more,  as  required) 
parameters  for  the  attribute  variable  of  a subsystem  and  "pass"  these 
parameters  into  the  expression  for  the  attribute  variable  of  the  system. 
Thus,  in  the  above  examples,  one  could  compute  and  store  the  two  values 

n 

n,  and  Xj 
1=1 

or 


n 


n,  and 

i=l 


k 
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The  attribute  variable  for  the  entire  system  composed  of  two  sub- 
systems can  then  be  obtained  from  the  above  parameters  as 

n /n  1 n2 

2’f  fei-z2>4  txi  = K~kr 


1=1 


1 2 \i=l  * j=i 


n 


>41  ( l 


i=i 


l+n2 


nl  n2 
' xk  + ^xk 
1=1  1 j"=lj 


The  extension  of  this  approach  to  attribute  variables  of  the  type 
n 


z = 


n 

y vi 

1=1 

n 

V x 
A X1 

i-i 


or 


2 = 


)J  *<wi 

1 = 1 • 


Is  obvious . 


There  are,  however,  attribute  variables  for  which  this  property  does 
not  hold.  Some  examples  of  such  functional  relationships  are 


z = N/xr 
2 

z = x 
etc . 

The  procedure  to  be  followed  in  cases  of  this  type  is  to  preserve 
the  raw  system/vessei  characteristic  x of  the  subsystem  or  of  one  of  the 
multiple  systems  and  to  "pass"  this  attribute  data  into  the  expression  for 
the  attribute  variable  for  the  entire  candidate  system  configuration. 

DEVELOPMENT  OF  EFFECTIVENESS  ATTRIBUTE  DATA 

The  type  of  system/vessel  effectiveness  attribute  data  required  for 
the  quantification  of  effectiveness  is  completely  defined  by  the  attribute 
variables  associated  with  the  ERFs  for  each  elementary  factor/subfactor. 


However,  it  is  noted  that  the  formulation  of  the  attribute  variables  has  to 
take  into  account  the  availability  (at  a reasonable  expenditure  of  time, 
effort  and  funding)  of  the  required  data  as  a basis  for  "measuring"  the 
pertinent  system/ vessel  characteristics.  Thus,  although  formally  one 
may  view  the  development  of  ERFs  and  the  develooment  of  effective - 

s 

ness  attribute  data  as  independent  efforts,  in  practice  these  two  efforts 
need  to  be  carefully  coordinated  in  order  to  ensure  a proper  match  between 
data  required  and  data  which  can  readily  be  made  available.  On  the  other 
hand,  it  is  also  important  to  ensure  that  the  attribute  variables  chosen 
make  full  use  of  the  data  which  is  available  (or  can  readily  be  made  avail- 
able) so  that  no  data  is  "wasted"  by  not  being  used. 

An  effectiveness  assessment  of  the  viable  candidate  system/vessel 
combinations  generally  is  broad  in  scope  and  will  thefefore  encompass 
almost  all  pertinent  characteristlc.3  or  attributes  of  the  available  candidates. 

As  a result,  effectiveness  attribute  data  will  usually  cover  the  entire  range 
Cf  physical  characteristics  (e.g.,  weight,  volume,  maximum  height), 
installation  characteristics  (flexibility  of  routing  piping,  effect  on  vessel 
stability,  vessel  resource  requirements,  etc.),  performance  characteristics 
(effect  of  peak  loads,  ability  to  handle  foreign  objects,  ability  to  meet 
effluent  standards,  etc,),  system  support  (i.e,,  operating/mainte nance) 
characteristics  (e.g.,  degree  of  automated  operation,  operation  and  maintenance 
personne  l time/ skill/training  requirements,  consumables  and  replacement 
part  requirements) ► safety/habitabllity  characteristics  (e.g.,  presence/ 
likellhood/lntonaity  of  various  hazards  to  personnel,  intensity  of  odors/ 
heat/noise),  reliability  characteristics  (e.g.,  fa ilure  frequency, 
amount  of  redundancy,  equipment  ratings , equipment  failure  independence, 
ability  to  restore  failures  without  Interrupting  system  operation),  etc. 

Effectiveness  attribute  data  can  be  system  dependent  only  (e,g., 
odor,  noise,  maximum  height,  effect  of  foreign  objects)  or  it  can  be 
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systom/vessel  dependent  (e.g.,  effect  of  system  on  vessel  stabillty/trlm 
and  Ust/rango/resources , ease  of  routing  piping,  the  required  vessel 
resource  supplies,  suitability  of  system  for  vessel,  ease  of  installation, 
system  configuration  redundancy). 


System/vessel  effectiveness  attribute  data  can  be  categorized  into 
two  broad  classes  as  being  either  quantitative  or  qualitative/subjective. 
Quantitative  attribute  data  can  further  be  classified  as  being  continuous, 
discrete,  or  quantized  (i.e.,  continuous  data  which  is  deliberately  grouped 
Into  predetermined  ranges).  Qualitative/subjective  data  can  be  classified 
as  being  based  on  subjective  comparisons  to  an  assumed  standard  using 
a set  of  predetermined  levels  or  being  based  on  absolute  subjective 
qualitative  assignments  using  a set  of  predetermined  levels. 

QUANTIFICATION  OF  EFFECTIVENESS 

The  previous  discussions  of  the  effectiveness  model  and  the  guide- 
lines for  developing  the  various  elements  of  this  model  were  not  addressed 
primarily  to  the  problem  of  quantifying  effectiveness,  although  reference 
was  made  to  it  as  being  an  objective  of  the  model.  Instead,  the  focus  of 
attention  was  the  development  of  a framework  of  criteria  and  indica- 
tions of  the  importance  of  these  criteria  in  relation  to  one  another. 

However,  once  the  effectiveness  model  and  the  associated  effectiveness 


attribute  data  have  been  developed,  the  quantification  of  effectiveness 
is,  in  principle,  a straightforward  and  essentially  mechanical  procedure 
(although  the  computations  necessary  are  too  numerous  and  burdensome  to  be 
performed  manually). 


The  key  elements  in  quantifying  effectiveness  are  the  following; 

. The  structure  of  the  effectiveness  model,  l.e.,  the  M/Es, 
the  M/E  factors/subfactors  and  their  associated  lovols  of 
subordination, 

. The  weights  of  the  M/Es  and  of  the  factors/subfactors. 
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. The  effectiveness  rating  functions. 

. The  effectiveness  attribute  data. 

The  basis  for  the  quantification  is  the  association,  with  each 

candidate,  of  numerical  ratings  (R)  for  the  overall  effectiveness  (E),  for 

veach  measure  of  effectiveness  (M/E),  for  each  factor  (F),  and  for  each 

-subfactor  (SF),  including  the  elementary  factors/subfactors  (F  /SF  ). 

6 6 

These  numerical  ratings  are  indications  of  the  degree  to  which  each 
candidate  satisfies  the  relevant  criterion.  In  addition,  each  M/E, 
fac.or  and  subfactor,  has  a numerical  weight  (for  relative  importance) 
associated  with  it,  Thus,  the  elements  of  the  effectiveness  model 
structure  are  characterized  by  either  one  or  two  numbers  as  follows: 


h 

SF,. 


R. 


V wi 

V w) 

V'  wk 


The  procedure  for  performing  the  quantification  is  illustrated  in 
Figure  3.0.  Figure  10  summarizes  in  a steps  of  the  quantification  procedure 
beginning  with  the  effectiveness  attribute  data  and  ending  with  the  overall 
effectiveness  rating,  showing  the  role  of  each  element  of  the  effective- 
ness model  in  this  quantification.  The  different  sources  of  effectiveness 
attribute  data  are  also  indicated. 

The  quantification  starts  with  the  elementary  factors/subfactors, 
which  have  effectiveness  rating  functions  associated  with  them.  The  use 
of  effectiveness  attribute  data  fora  specific  candidate  system/vessel 
combination  yield  a rat  ng  for  each  elementary  factor/subfactor.  These 
ratingr;  are  multiplied  by  their  associated  weights  and  the  sum  of  these 
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products  represents  the  rating  for  the  next  higher  level  factor/subfactor 
rating.  Similarly,  the  rating  for  each  M/E  is  obtained  as  the  sum  of 
products  of  the  factor  ratings  and  the  associated  factor  weights.  Final'.y, 
the  overall  effectiveness  rating  for  any  candidate  system/vessel  com- 
bination is  obtained  as  the  sum  of  products  of  the  M/E  ratings  and  ths 
associated  M/E  weights.  The  numerical  manipulations  are  performed 
by  a computer  program  which  accepts  as  an  input  the  structure  of  the 
effectiveness  model,  the  weights  and  the  elementary  factor/subfactor 
ratings,  c':" 

SUBJECTIVE  JUDGEMENT,  REPEATABILITY  AND  VALIDITY  OF  RESULTS 

It  is  noted  from  the  foregoing  discussions  that  subjective  judge- 
ments*of  the  analyst  play  a prominent  role  in  the  development  of  ERFs 
as  well  as  the  effectiveness  model  structure  and  the  associated  weights. 
Thus,  such  subjective  Judgements  become  an  integral  part  of  the  resulting 
ERFs  and  are  therefore  reflected  in  the  effectiveness  ratings  of  candidate 
system/vessel  combinations  for  the  elementary  factors  'subfactors  (and 
subsequently  the  M/E  ratings  and  the  overall  effectiveness  ratings). 

This  raises  a potentially  serious  question  regarding  the  meaning 
and  validity  of  the  results.  Thus,  if  the  effectiveness  ratings  are  dependent 
on  the  particular  analyst  conducting  the  study,  '.hen  it  might  be  inferred 
that  if  different  decision  makers  conducted  the  analysis  . different  results 
might  be  obtained,  i.e,,  the  results  are  not  necessarily  repeatable  across 
different  analysts.  Such  an  a priori  conclusion  regarding  the  seeming  lack 
of  "stability”  of  the  results,  may  be  alarming  or  disturbing  and  may  prompt 
questions  as  to  the  identity  and  source  of  the  "real"  or  "true"  ERFs.  It  is 
noted  that  a similar  issue  can  be  raised  regarding  the  structure  of  the 
effectiveness  model  and  the  associated  weights. 

* It  is  noted  that  "subjective  judgement"  is  somewhat  of  a redundancy  since 
it  is  questionable  whether  there  is  such  a thing  as  "objective  Judgement". 
Thus,  if  the  judgement  were  purely  objective,  it  would  imply  that  the  same 
conclusion  could  be  arrived  at  by  logical  deduction,  in  which  case,  it 
would  not  be  a judgement  but  rather  a determination  and,  in  fact,  could  be 
performed  without  human  intervention  - e,g.,  by  a computer. 


The  resolution  i ? this  apparent  dilemma  lies  in  the  nature,  definition, 
and  intent  of  an  effectiveness  analysts.  It  will  be  recalled  that  effective- 
ness was  defined  as  inherently  being  subjective  in  nature  and  dependent 
on  the  decision-maker,  l.e.,  effectiveness  is  what  the  decision- 
maker says  It  is,  or,  effectiveness  is  in  the  eyes  of  the  beholder. 

Although  this  may  seem  like  a circuitous  and  self-serving  definition 
of  effectiveness,  it  is  noted  that  it  corresponds  to  the  manner  in  which 
decisions  are  made  by  individuals  whether  in  their  personal  lives  or  in 
making  consequential  decisions  based  on  highly  technical  information. 

In  fact,  making  a decision,  by  definition,  implies  the  exercise  of  a sub- 
jective and  Judgemental  faculty,  rather  than  a process  of  arriving  at  a 
conclusion  on  the  basis  of  some  objective  set  of  rules.  Thus,  for  example, 
it  would  not  be  meaningful  to  ask  someone  to  decide  whether  system  A 
weighs  more  than  system  B,  Rather,  one  can  be  asked  to  determine  whether 
system  A weighs  more  than  system  B.  On  the  other  hand,  one  cannot 
determine,  but  rather  one  would  have  to  decldet  whether  one  system  aspect 
is  more  important,  better,  nicer,  worthier,  preferred,  etc,,  than  another. 

Another  point  to  keep  in  mind  in  connection  with  the  nature  of  the 
above  dilemma  is  that  a numerical  quantity  for  effectiveness  is  not  meaning- 
ful in  an  absolute  sense  but  only  in  a relative  sense.  Thus,  regardless  of 
the  specific  numerical  assignments  that  are  made,  as  long  as  they  are  con- 
sistent, differences  among  candidate  system/vessel  combinations  can  be 
brought  out.  This  in  the  basic  purpose  of  an  effectiveness  analysis. 

An  effectiveness  analysis  is  not  In  itself  a decision-making  process. 
Instead,  effectiveness  analysis  is  a tool  which  the  decision-maker  can 
use  to  obtain  the  information  he  needs  in  a systematic  manner  and  organize 
it  in  a convenient  form  for  use  by  him  in  the  decision-making  procoss. 
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SOME  CHARACTERISTICS  AND  FEATURES  OF  THE  EFFECTIVENESS  ASSESSMENT 
METHODOLOGY 

; The  effectiveness  assessment  methodology  developed  as  part  of  this 
study  has  been  found  to  be  applicable  for  quantifying  the  effectiveness  of 
candidate  system/vessel  combinations  at  several  levels  of  detail.  It  thus 
enables  a decision-maker  to  compare  candidates  with  respect  to  different 
Individual  aspects  of  effectiveness  as  well  as  the  overall  effectiveness. 

If  used  properly,  this  methodology  can  serve  as  a useful  analytic  tool  lor 
cost-effectiveness  studies,  trade-off  studies,  sensitivity  analyses,  etc. 

Some  of  the  relevant  characteristics  and  features  of  this  methodology  are 
as  follows:  \ 

. It  can  accommodate  all  considerations  of  interest  to  the  decision- 
maker. 

It  synthetl2es  technical  and  objectively  determined  quantitative 
system/vessel  data  with  qualitative  system/vessel  information 
and  subjective  judgements  of  the  decision-maker. 

. It  is  highly  flexible  with  respect  to  the  range  and  magnitude  of  the 
problems  it  can  accommodate.  Thus,  the  analysis  can  be  either 
very  detailed  and  comprehensive  which  may  be  suitable  for  large- 
scale  systems,  or  i.t  can  be  much  smaller  in  scope  and  less 
detailed  as  warranted  by  the  objectives  of  the  study  and  the 
data  available. 

. It  provides  results  at  several  levels  of  detail.  Effectiveness  ratings 
for  each  candidate  are  provided  on  three  levels  as  follows: 

. . An  overall  effectiveness  rating 

. . A rating  for  each  effectiveness  measure 

. . A rating  for  each  elementary  factor/subfactor 

. It  provides  a means  of  determining  the  effect  of  changes  in  data, 
assumptions,  subjective  judgements,  etc. 


, It  has  been  found  that  application  of  the  methodology  tends  to 
clarify  issues,  may  result  in  a fresh  outlook  and  often  new 
insights  are  gained,  even  by  knowledgeable  individuals  who 
are  familiar  with  the  problem.  This  is  due  to  the  following 
aspects  of  the  methodology: 

• , Effectiveness  is  defined  in  terms  of,  and  directly  related 

tOf  the  objectives,  requirements  and  constraints  of  the 
problem. 

. , Development  of  the  structure  of  the  effectiveness  model 
requires  the  determination  of  overall  assessment  criteria 
followed  by  a systematic  and  successive  breakdown  of 
each  overall  criterion  into  constituent  sub-criteria.  This 
process  results  in  an  in-depth  examination  of  the  problem. 
Thus,  issues  which  have  either  been  overlooked  or  which 
were  vague  and  111- defined  are  identified  and  resolved. 

, . The  need  to  assign  a weight  to  designate  the  relative 
importance  of  each  criterion  encourages  reflection  on  the 
basic  issues  pertaining  to  the  objectives,  requirements, 
etc. 

. . Development  of  effectiveness  rating  functions  results  in 
consideration  of  the  relevant  requirements,  constraints,  the 
type  of  data  available,  the  level  of  detail  of  the  analysis, 
and  identification  of  the  Judgements  used  In  deciding  what 
is  desirable  as  well  as  undesirable, 

PROPERTIES,  INTERPRETATION  AND  USE  OF  EFFECTIVENESS  RATINGS 

Meaning  of  Effectiveness  Ratings 

Although  the  overall  effectiveness  rating  of  a candidate  is  a number 
in  the  range  of  0 to  100%,  it  cannot  be  legitimately  interpreted  as  a prob- 
ability. Instead,  the  rating  should  be  interpreted  as  a measure  of  the  overall 


quality  or  "worth"  of  the  candidate,  determined  as  a weighted  average  of 
all  considerations,  i.e.,  the  extent  to  which  the  aggregate  of  ail  the 
individual  criteria  are  satisfied,  weighted  by  the  importance  of  each  one 
relative  to  the  others.  Also,  overall  effectiveness  ratings  are  to  be  used 
mainly  for  comparing  candidate  systems  rather  than  in  an  absolute  sense. 

Similarly,  the  ratings  of  candidates  with  respect  to  individual  M/Es 
are  not  to  be  interpreted  as  probabilities.  It  is  especially  important  to 
keep  this  in  mind  when  considering  M/Es  whose  attributes  or  character- 
istics are  usually  given  as  probabilities. 


Examples  of  such  M/Es  are  "RELIABILITY"  and  "MAINTAINABILITY" 
whose  ratings  for  a given  candidate  system  do  not  have  the  usually  used 
interpretation  of  being  the  probability  that  the  system  will  not  fail  for  a 
given  period  of  time  (Reliability)  or  the  probability  that  the  system  will  be 
restored  within  a given  time  interval  (Maintainability) . Instead,  the  ratings 
of  candidates  with  respect  to  these  M/Es  are  to  be  used  for  comparing  the 
Reliability  and  Maintainability  of  the  candidate  systems.  Furthermore, 
these  M/F,  ratings  may  be  based  either  entirely  on  objectively  determined 
quantitative  data^or  partially  on  such  data  and  partially  on  qualitative 


system  information  and  subjective  judgements.  Hence,  it  is  important  to 
be  aware  of  the  distinction  between  the  Reliability  and  Maintainability  of 
a candidate  system,  which  are  characteristics  or  attributes  of  the  system, 
and  the  effectiveness  ratings  of  the  systom  for  the  M/Es  "RELIABILITY"  and 
"MAINTAINABILITY"  which  include  subjective  Judgements  pertaining  to  such 
issues  as  J^ifwhat  constitutes  minimum  acceptable  and  ideal  levels  as  well 
as  the  "worth" of  intermediate  levels  of  the  values  for  these  attributes.  It 
is  noted  that  the  Reliability  or  Maintainability  of  a candidate  system,  i.e., 
the  associated  probability  values,  may  serve  as  an  input  (i.e,,  the  attribute 
variable  in  the  effectiveness  rating  function)  in  rating  the  system  for  the 
M/Es  "RELIABILITY"  and  "MAINTAINABILITY",  but  the  rating  may  be  based 
on  other  inputs  as  well.  If  these  probabilities  are  used  as  the  attribute 
variable  and  a linear  relationship  is  used  as  the  basis  for  the  effectiveness 
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rating  function  (ERF),  then  the  ratings  for  these  M/Es  take  on  the  values 
of  the  system  Reliability  and  Maintainability  characteristics. 

The  Effect  of  Weights  and  Levels  of  Subordination 

Variations  in  overall  effectiveness  rating  (R^,)  across  candidate  systems 
are  generally  of  smaller  magnitude  than  variations  in  ratings  with  respect 
to  any  one  M/E  for  different  systems.  Also,  a variation  in  the  value  for 
overall  effectiveness  rating  of  a system  is  much  more  significant  than 
a variation  of  the  same  magnitude  in  the  system  rating  (R^)  with  respect  to 
any  one  M/E  alone.  The  reason  for  these  two  conclusions  is  that  the  overall 
system  effectiveness  rating  is  obtained  as  a sum  of  the  weighted  system 
ratings  with  respect  to  the  M/Es.  Since  the  weights  are  all  in  the  range  of 
0 to  100%  (and  their  sum  is  100%),  they  tend  to  smooth  out  (and  sometimes 
swamp)  the  variations  in  M 'E  ratings.  Thus,  a very  large  variation  in  any 
one  M/E  rating  must  occur  in  order  to  have  any  significant  effect  on  the 
overall  effectiveness  rating  (if  everything  else  is  held  constant).  And,  in 
order  to  produce  a large  upward  (downward)  variation  in  the  overall  effective- 
ness rating,  extremely  large  upward  (downward)  variations  in  the  ratings 
with  respect  to  several  M/Es  must  occur  simultaneously  (if  no  other  varia- 
tions occur) . 

The  above  conclusions  can  be  simply  illustrated  with  some  numerical 
examples.  Thus,  a 10%  change  in  a system  rating  with  respect  to  an  M/E 
which  has  a weight  of  10%  will  result  in  only  a 1%  change  in  the  overall 
effectiveness  ’ating  for  that  system.  Similarly,  even  for  an  M/E  which  has  a 
weight  of  25%,  a 10%  change  in  the  system  rating  with  respect  to  this  M/E 
will  result  in  only  a 2, 5%  change  in  the  overall  effectiveness  rating  for  this 
system. 

Since  each  M/E  which  is  represented  in  the  Effectiveness  model  is 
generally  weighted  in  such  a way  that  it  alone  does  not  dominate  the  overall 
effectiveness  rating,  it  is  necessary  to  exercise  some  caution  in  using  the 
overall  effectiveness  rating  values  for  making  decisions.  This  indicates 
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the  importance  of  examining  the  individual  M/E  ratings  of  a candidate  in 
addition  to  its  overall  effectiveness  rating. 

Similar  conclusions  can  be  drawn  with  respect  to  the  effect  of  factor 
weights  on  the  corresponding  M/E  rating  and  the  effect  of  subfactor  weights 
on  the  corresponding  factor  ratings.  In  addition, this  effect  is  multiplicative 
when  more  than  one  level  is  considered.  It  is  noted  that  this  is  not  an 
unexpected  result  and  it  is  consistent  with  the  fact  that,  generally,  as  the 
number  of  considerations  determining  the  outcome  of  a decision  is  increased, 
the  influence  of  any  one  consideration  on  the  decision  must,  of  necessity, 
decrease.  Thus,  the  overall  effectiveness  rating  is  less  sensitive  to  varia- 
tions in  factor  ratings  than  it  is  to  similar  variations  in  M/E  ratings,  etc. 

On  the  other  hand,  it  should  be  kept  in  mind  that  the  overall  effectiveness 
of  a system  is  defined  in  terms  of  the  aggregate  of  all  criteria  rather  than 
in  terms  of  any  one  criterion,  and  the  weight  assignments  for  relative 
importance  imply  the  manner  in  which  the  decision-maker  is  willing  to 
trade-off  one  criterion  (consideration)  for  another  one. 

Use  of  Effectiveness  Ratings 

Effectiveness  ratings  reflect  the  characteristics  and  features  of  the 
effectiveness  assessment  methodology  discussed  earlier  and  hence  the 
resulting  effectiveness  ratings  should  be  interpreted  accordingly.  Following 
are  some  guidelines  for  the  use  and  interpretation  of  the  overall  effectiveness 
ratings  as  well  as  the  ratings  for  each  M/E. 

The  effectiveness  assessment  methodology  does  not  in  itself 
constitute  an  automated  decision  process  which  eliminates  the 
need  for  a decision-maker.  Instead,  the  effectiveness  assessment 
methodology  is  a tool  to  be  used  by  the  decision-maker  as  an  aid 
in  analyzing  and  evaluating  the  candidates.  As  a result,  the 
effectiveness  ratings  should  not  be  thought  of  as  automatic  indi- 
cators of  the  effectiveness  of  the  candidates  Independently  of  the 
decision-maker  so  that  the  necessity  for  any  further  considerations 
is  eliminated.  Instead,  since  effectiveness  ratings  represent  the 
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quantitative  result  of  the  synthesis  of  objective  and  subjective 
system  information,  assumptions,  requirements  and  the  sub- 
jective judgements  of  the  decision-maker,  they  should  bo  used 
as  a basis  for  making  comparisons,  trade-offs,  analysing  the 
effects  of  changes  in  data  and/or  assumptions,  etc. 

Effectiveness  ratings  should  not  be  used  as  the  basis  for  deter- 
mining the  viability  of  potential  candidates.  Such  a determina- 
tion must  bo  made  prior  to  the  effectiveness  analysis  as 
part  of  a preliminary  analysis  on  the  basis  of  gross  considera- 
tions, (i.e.,  minimum  requirements)  to  eliminate  non- viable 
candidates.  As  indicated  in  the  discussion  on  the  effect  of 
weights  on  ratings,  the  effectiveness  ratings  are  not  adequate 
for  providing  the  type  of  gross  differences  between  candidates 
which  are  required  for  a preliminary  analysis. 

The  effectiveness  ratings  are  most  meaningful  when  used  and 
interpreted  in  the  context  oi  the  effectiveness  model.  Hence, 
the  more  familiar  one  is  with  the  effectiveness  model,  the  more 
meaningful  are  the  ratings. 

Although  the  overall  effectiveness  ratings  of  a candidate  are  the 
most  important  and  most  often  used  indicator  (figure  of  merit)  of 
the  effectiveness  assessment,  the  individual  M/E  ratings  for  the 
candidate  should  also  be  examined  and  the  reasons  for  either 
poor  or  high  ratings  should  be  understood.  These  M/E  ratings 
may  sometimes  provide  a rationale  for  a decision  which  overrides 
the  Importance  of  either  a low  or  a high  overall  effectiveness 
rating . 

The  overall  effectiveness  rating  of  a candidate  is  a quantitative 
indication  of  its  overall  quality  and  hence  is  a convenient,  figure 
of  merit  which  can  be  used  as  a basis  for  comparing  and  or 
ranking  the  candidates  being  considered. 
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Although  the  effectiveness  ratings  are  most  meaningful  in  a 
relative  sense  when  comparing  candidates  against  one  another, 
rather  than  in  an  absolute  sense,  the  rating  for  a candidate  may 
be  used  as  a rough  indication  of  how  well  or  how  poorly  the  can- 
didate is  likely  to  fulfill  the  established  goals  and  requirements. 
Thus,  an  overall  effectiveness  rating  of  100%  means  complete 
satisfaction  of  all  stated  goals  and  requirements.  Hence,  if  the 
overall  effectiveness  ratings  for  all  candidates  are  low,  and 
especially  if  the  variation  among  them  is  small,  it  may  be  the 
basis  for  a decision  that  none  of  the  available  candidates  are 
acceptable  since  the  objectives  and  requirements  are  not  likely 
to  be  met  by  either  one  of  them.  Prior  to  forming  such  a con- 
clusion, one  should  first  re-examine  the  effectiveness  model  used 
to  ascertain  that  it  is  a reasonable  conclusion.  The  extent  to  which 
effectiveness  ratings  can  be  used  in  an  absolute  sense  rather 
than  in  a relative  sense  depends  Largely  on  the  nature  of  the 
elementary  factor/'subfactor  effectiveness  rating  functions  (ERFs) 
used.  Specifically,  the  Important  consideration  in  this  regard 
is  whether  the  rating  is  based  on  comparison  of  the  attribute 
data  to  an  absolute  value  or  it  is  based  on  comparing  all  other 
candidates  to  the  candidate  having  the  largest  (or  smallest)  value 
of  the  attribute  variable,  i.e.,  a rating  based  on  scaling.  ERFs 
based  on  comparison  with  an  absolute  value  yield  an  effectiveness 
model  which  lends  itself  more  readily  for  using  effectiveness 
ratings  as  a basis  of  direct  comparison  of  candidates  with  objec- 
tives and  requirements,  than  do  ERFs  which  are  based  on  scaling 
procedures.  On  the  other  hand,  it  is  usually  more  difficult  to 
formulate  ERFs  based  on  comparison  with  an  absolute  value, 
since  it  generally  is  not  obvious  or  easy  to  find  a basis  for  estab- 
lishing the  level  of  such  an  absolute  value. 
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The  interpretation  of  effectiveness  ratings  should  be  guided  by 

the  following  considerations: 

. . An  elementary  factor/subfactor  rating  of  zero  for  any  can- 
didate does  not  imply  that  the  candidate,  as  a whole,  is 
unacceptable , Instead,  this  should  be  interpreted  as  meaning 

that  a particular  aspect  of  the  candidate  (among  many  others 
being  considered)  which  is  represented  by  the  given  ERF  is 
not  acceptable.  This  point  is  best  illustrated  by  an  ERF 
which  has  two  discrete  values  only,  namely,  0 and  100,  and 
which  usually  arises  from  a yes  or  no  question. 

, , Overall  effectiveness  ratings  as  well  as  individual  M/E  ratings 
should  be  interpreted  in  the  context  of  a weighted  average  of 
multiple  considerations.  Hence,  as  was  pointed  out  in  the 
discussion  on  the  effect  of  weights  and  levels  of  subodination  on 
ratings,  no  one  consideration  can  generally  dominate  these  ratings. 

. . Since  the  overall  effectiveness  rating  (or  even  individual 
M/E  ratings)  will  generally  not  be  sufficiently  sensitive  to 
variations  in  ratings  for  individual  considerations  (i.e., 
criteria)  which  are  of  special  interest  to  a decision-maker, 
it  is  necessary  to  make  special  provisions  for  drawing 
attention  to  such  individual  considerations.  An  effective 
way  of  accomplishing  this  is  the  technique  of  "flagging" 
the  criteria  of  interest  by  listing  the  effectiveness  ratings 
for  them  in  a prominent  position  when  presenting  the  results 
of  the  analysis.  In  the  candidate  system/ vessel  combina- 
tions analyzed  as  part  of  this  study,  the  holding  capacity 
of  each  system  for  black  and  gray  wastewater  was  thus 
flagged  by  listing  the  ratings  for  these  two  criteria  in  tables 
showing  the  results  of  the  analysis. 
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, COMPUTER  PROGRAM  FOR  QUANTIFYING 
THE  EFFECTIVENESS  OF  CANDIDATE  SYSTEM 
< ' VESSEL  COMBINATIONS 

This  section  of  the  report  documents  the  computer  program  for- 
quantifying  effectiveness.  It  consists  of  the  following; 

. . * t.  I 

, A supimary  of  the  pvoyra.n  features,  limitations,  and  input  require 

- •'  V ' 

merits . 

\ 

. Instiuctions  for  preparing  the,  Input, 

. A sample  problem.  The  sample  problem  consists  of  the  viable 
candidate  u/stem  vessel  combinations  included  in  this  study. 
Since  these  candidate  systetn/vessei  combinations  are  discussed 
in  detail  in  this  volume  as  well  as  in  the  other  volumes  cf  this 
report,  no  further  discussion  cf  the  problem  appears  in  this 
section  except  a listing  of  the  actual  input  to  the  computer  pro- 
gram. 

. A description  of  the  program  including  overall  and  detailed 
program  flowcharts, 

. Program  listings  (card  images) . 
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SUMMARY  OF  PROGRAM  CHARACTERISTICS 


1 

Output  Format 

A sample  output  of  the  computer  program  for  quantifying  the  effective- 
ness of  candidate  systems/vessel  combinations  Is  presented  in  below. 

Some  of  the  important  features  and  contents  of  the  output  are  as  follows: 

, A separate  page  is  presented  for  each  vessel  and  all  candidate 
systems  are  listed  on  this  page. 

Vessel  identification  by  user  specified  designation 

, Candidate  system  identification  by  user  specified  designation 

, Effectiveness  ratings  (given  as  a i in  the  range  of  0 to  100 
rounded  to  the  nearest  percentage  point)  for  each  candidate 
system  on  the  given  vessel  as  follows: 

. . Overall  effectiveness 

. . Rating  with  respect  to  each  measure  of  effectiveness 

(M/E)  which  is  idcntltlcd  by  v^er  specified  designation. 

The  weight  for  each  M/E  -(given  in  parenthesis  under  each  M/E 
as  a % in  the  range  of  0 to  100  rounded  to  the  nearest  percentage 
point) . 

Identification  of  nor.-viablq  cystem/vossel  combinations 
(designated  by  N/A  in  the  oyieutl . 

Program  Feat  ires 

Some  ol  the  Important  features  of  this  computer  program  are  as  follows 

The  output  is  presented  or.  a p r vessel  basis.  For  each  vessel 
the  output  presents  information  on  each  candidate  system  Ratings 
(r*  each  M/E,  M/E  weight,  overall  oil  active  ness  rating,  non- 
vlab  ■■  i /stei  An  seel  combln  Hions) , 


The  number  of  vessels  and  the  number  of  candidate  systems 
are  variable  input  parameters  for  the  program. 
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Vessels,  candidate  systems,  and  M/Es  are  identified  in  the 
output  by  user  specified  designations. 

Masking  capability  for  designating  non-vlable  system/vcssel 
combinations . 

M/E  weights  must  be  vessel  and  system  independent 

Factor/subfactor  weights  must  be  system  independent  but  may 
be  vessel  dependent.  If  any  factor/subfactor  weight  is  vessel 
indepdent,  this  fact  can  be  conveyed  to  the  program  and  only 
one  weight  need  be  specified. 

Effectiveness  ratings  of  elementary  factors/subfactors  are 
system  dependent  and  may  also  be  vessel  dependent.  If 
these  ratings  are  vessel  dependent  this  fact  can  be  conveyed 
to  the  program  and  a separate  set  of  candidate  system  ratings 
must  be  given  for  each  vessel . 

Unique  identification  of  all  input  cards.  In  particular,  every 
factor/subfactoi  weight  and  rating  card  is  uniquely  identified, 
not  only  with  respect  to  level  of  subordination  but  also  with 
recpect  to  the  M/E  it  belongs  to  and  its  sequence  within  the 
M/E  (which  conveys  effectiveness  model  structure  Information 
to  the  program).  Thus,  if  input  cards  are  accidentally  misplaced 
within  the  input  deck,  the  computer  program  will  rearrange  them 
(Internally)  In  the  correct  sequence. 

Error  chocking  capability  as  follows: 

A check  that  input  data  is  provided  !oi  ail  vessels  (l.e., 
factor/subfactor  weights)  and  all  candidate  systems  (l.e., 
elementary  factor/subfactor  ratings). 
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A chock  that  all  M/E  weights,  all  factor/subfactor 
weights,  and  all  elementary  factor/subfactor  ratings 
are  legitimate  numbers,  i.e.,  numbers  in  the  range  of 
0 to  100%  rounded  to  the  nearest  percentage  point. 

A check  that  the  sum  of  all  M/E  weights  Is  100%  and  a 
check  that  the  sum  of  the  factor/subfactor  weights  at 
every  level  of  subordination  is  100%  in  every  M/E. 

A check  that  candidate  system/vessel  ratings  are  pro- 
vided for  every  elementary  factor/subfactor  and  that  no 
superfluous  ratings  are  provided. 

If  an  error  is  detected  in  the  input  data,  the  program  will  produce 
an  error  message,  indicating  which  vessel,  system,  or  M/E  the  error  is 
associated  with.  Also,  if  appropriate,  the  punched  card  associated  with 
the  error  will  be  reproduced. 

Program  Limitations 

The  program  limitations  with  respect  to  the  maximum  values  for  the 
various  input  parameters  are  as  follows: 

Number  of  vessels  - 20 

, Number  of  candidate  systems  - 30 

. Number  of  M/Es  - 15 

, Number  of  levels  of  subordination  within  each  M/E  - 5 

. Number  of  factors/subfactors  of  the  same  level  at  any  given 
level  of  subordination  - 9 

Input  Requirements 

The  inputs  to  the  computer  program  required  in  order  to  quantify 
the  effectiveness  of  candidate  system/vessel  combinations  are  as  follow 
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The  number  of  vessels  (limited  to  20)  and  the  number  of 
candidate  systems  (limited  to  30)  given  on  N cards. 

Vessel  identification  (assigned  number  and  name  designation) 
given  on  V cards . 

Candidate  system  identification  (assigned  number  and  name 
designation)  given  on  S cards. 

Identification  of  non-viable  system/vossel  combinations 
given  on  K cards  . 

M/E  identification  (limited  to  15),  including  the  following 
information  and  constraints  (given  on  M cards): 

. , Assigned  M/E  number 
. , M/E  name  designation 

. , M/E  weights,  subject  to  the  following  limitations: 

M/E  weights  are  system  and  vessel  independent 

M/E  weights  are  given  as  a % in  the  range  of  0 to 
100,  rounded  to  the  nearest  percentage  point. 

The  sum  of  all  M/E  weights  must  be  equal  to 
100%,  i.o. , 

\ Wj  « 100 

* i i « « /%  > 

/vii  r'!/  lit. 

Effectiveness  model  stiucluie  identification  and  weights  for 
every  factor/subfactor  within  each  M/E  (given  on  W cards) , 
including  the  following  information  and  constraints: 

. . The  assigned  number  of  the  M/E 

. , The  current  and  all  prior  levels  of  subordination  (limited 
to  5 Indentures’  within  the  M/E  and  the  sequence  number 
(limited  to  9)  at  the  current  level  of  subordination  of  each 
factor/subfactor,  Thic  infouuution  Is  given  as  a single 


n—  awalir. 
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number  from  1 to  5 digits  (each  digit  ranging  from  * 

f 

1 to  9)  and  uniquely  identifies  each  factor/subfactor  I 

f 

as  well  as  the  structure  of  the  effectiveness  model  * 

f 

with  respect  to  the  hierarchy  of  the  factor/subfactor 

levels  of  subordination.  i 

1 

The  weights  for  each  factor/subfactor  within  each  M/E,  j 

subject  to  the  following  limitations: 

Factor/subfactor  weights  must  be  system  independent 
but  may  be  vessel  dependent. 

If  the  weight  for  any  given  factor/subfactor  is  vessel 
independent  this  fact  can  be  conveyed  to  the  computer 
program  and  only  one  weight  is  specified. 


If  the  weights  for  any  given  factor/subfactor  are 
vessel  dependent,  they  must  be  specified  in  the 
sequence  corresponding  to  the  vessel  number 
assignments . 

Factor/subfactor  weights  are  given  as  a % in  the 
range  of  0 to  100,  rounded  to  the  nearest  percentage 
point. 


At  any  given  level  of  subordination,  the  sum  of  all 
factor/sub  factor  weights  at  that  level  (and  for  each 
vessel  if  the  weights  are  vessel  dependent)  must  be 
equal  to  100%,  i.e . , 


= 100 

Ail  factors/ 
subfactors 
at  tire  same 
level 


At  any  level  of  sub- 
ordination and  for 
each  vessel 


Effectiveness  ratings  for  every  elementary  factor/subfactor 
within  each  M/E  (given  on  R cards),  including  the  following 
information  and  constraints: 


The  as:  .gned  number  of  the  M/E 

The  number  which  uniquely  identifies  every  elementary 
factor/subfactor  within  each  M/E  (must  match  the  correspond- 
ing number  on  the  W cards). 

Effectiveness  ratings  for  each  elementary  factor/subfactor, 
subject  to  the  following  limitations: 

- Elementary  factor/subfactor  effectiveness  ratings  are 
system  dependent  and  may  also  be  vessel  dependent. 

- If  the  ratings  for  any  elementary  factor/subfactor  are 
vessel  dependent,  this  fact  must  be  conveyed  to  the 
computer  program  by  identifying  the  corresponding  vessel 
number  of  each  set  of  candidate  system  ratings  (specified 
for  each  vessel  separately). 

- Elementary  factor/subfactor  effectiveness  ratings  for 
each  candidate  system  are  given  in  the  sequence 
corresponding  to  system  number  assignments. 

- Elementary  factor/subfactor  effectiveness  ratings  are 
given  as  a % in  the  range  of  0 to  100,  rounded  to  the 
nearest  percentage  point. 


INPUT  PREPARATION 


The  program  requires  seven  types  of  input  cards.  They  are: 

. N - Defines  the  number  of  systems  and  vessels  applicable 
to  the  problem . 

- ...  S - Contains  the  number  and  name  of  each  system. 

. V - Contains  the  number  and  name  of  each  vessel, 

, K.  - Contains  the  systems  to  be  masked  for  each  vessel. 

. M - Contains  tte  measure  number,  weight  and  name. 

. W - Contains  the  weights  applicable  for  each  factor  or  sub- 
factor for  each  measure. 

. R - Contains  the  ratings  applicable  for  each  elementary 
factor  or  subfactor  for  each  measure. 

The  following  paragraphs  specify  the  preparation  procedures  to  be 
observed  for  each  input  card  type.  A pictorial  layout  of  all  the  card 
types,  a coding  sheet  for  type  R cards,  and  a suggested  sequence  for 
the  input  are  included  at  the  end  of  the  discussion. 
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N Cards 


The  N card  contains  the  number  of  vessels  and  the  number  of  sys- 
tems Involved  in  the  problem.  Only  one  card  is  to  be  prepared.  This 
. card  type  is  required.  The  following  table  provides  the  rules  for  its 
^preparation.  . ..  . , . 

Col.  No.  - Field  Name  Enter  the  Following  Data 


3 Card  Code 


No  entry  required 
The  letter  N 


4-8 


No  entry  required 


9-10 


Number  of  Vessels  Enter  the  number  of  vessels 

(limited  to  20)  applicable  to  the 
problem. 

Right  justify  and  zero  fill. 

No  entry  required. 


12-13  No.  of  Systems  Enter  the  number  of  systems 

(limited  to  30)  applicable  to  the 
problem. 

Right  justify  and  zero  fill. 


14-80 


No  entry  required. 


| 
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S Cards 


One  S card  is  to  be  prepared  for  each  system  applicable  to  the 

problem.  Each  system  is  to  be  assigned  a unique  number  in  the  range 

of  01  to  30.  These  numbers  should  be  assigned  in  the  sequence  the  user 

wishes  the  systems  to  appear  on  the  output  report.  System  01  will  appear 

% 

as  row  1 and  system  30  will  appear  as  row  30.  The  following  table  pro- 
vides the  rules  for  the  preparation  of  the  S cards; 


Col.  No.  Field  Name 


Enter  the  Following  Data 


1-2  System  Number 

3 Card  Code 

4-6 


A unique  two-character  numeric 
in  the  range  01  to  30.  Right 
justify  and  zero  fill. 

The  letter  S. 

No  entry  required. 


7-34  System  Number 
and  Name 


35 


The  two-character  system  number, 
a space,  and  the  system  name 
(25  characters)  which  will  appear 
on  the  output  report. 

No  entry  required. 


36-80  Full  System  Name  Any  further  description  of  the 

system  required  for  identification 
purposes  only.  This  entry  is 
optional . 


-t 

! 

> 

t 
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V Cards 


io»L«rniiiitii-  .w  »in~i  t-  1 


One  V card  Is  required  for  each  vessel  applicable  to  the  problem. 
Each  vessel  is  assigned  a unique  number  in  the  range  of  01  to  20.  These 
numbers  are  to  be  assigned  in  the  sequence  the  user  wishes  the  vessels  to 
appear  in  the  output  report.  Vessel  01  will  appear  on  page  1 and  vessel  20 
will  appear  on  page  20.  The  following  table  provides  the  rules  for  their 
preparation. 

• • Col.  No.  - Field  Name  Enter  the  Following  Data 


1-2 

3 


Vessel  Number  A unique  two-character  numeric 

in  the  range  01  to  20.  Right 
justify  and  zero  fill. 

Card  Code  The  letter  V 


4-80  Vessel  Name  The  vessel  name  which  will 

appear  on  the  output  report. 

A maximum  of  77  alpha  numeric 
characters  are  allowed. 
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K Cards 

The  K card  Is  to  be  used  only  if  systems  are  not  applicable  for  a 
specific  vessel.  One  K card  is  required  for  each  vessel  where  this  con- 
dition exists.  A maximum  of  26  systems  per  vessel  are  allowed  to  be 
masked.  The  following  table  provides  the  rules  for  the  preparation  of  this 
card  type . 


Col.  No. 


Field  Name 


Enter  the  Following  Data 


7-80 


Vessel  Number 


Card  Code 

System  Number  1 
(to  be  masked) 


System  Number 
2 through  26 
(to  be  masked) 


Jfhe  two-character  number  of  che 
vessel  within  the  range  of  01  to 
20,  Right  justify  and  zero  fill. 

The  letter  K 

The  two-digit  system  number  to 
be  masked.  Right  justify  and 
zero  fill  if  necessary. 

No  entry  required . 

Continue  entering  the  two-digit 
system  numbers  to  be  masked 
leaving  a space  between  each. 
Systems  must  be  entered  in 
ascending  numeric  order. 


M Cards 

One  M card  Is  required  for  each  measure  applicable  to  the  problem 
program.  Each  measure  is  assigned  a unique  number  in  the  range  01  to  15, 
These  numbers  should  be  assigned  in  the  sequence  the  user  wishes  the 
measures  to  appear  on  the  output  report.  Measure  01  will  appear  in  the 
leftmost  column  and  measure  15  will  be  the  rightmost  column.  The  follow- 
ing table  provides  the  rules  for  the  preparation  of  the  M cards. 


Col.  No.  Field  Name 

1-2  Measure  Number 

3 Card  Code 

4-6  Weight 

7-16  Measure  Name 

17-26  Measure  Name 

(continued) 

27 

28-80  Full  Measure  Name 


Enter  the  Following  Data 

A unique  two-character  numeric 
in  the  range  01  to  15.  Right 
justify  and  zero  fiji . 

The  letter  NI  > 

The  weight  of  the  measure. 

Must  be  numeric  . Right 
justify  and  zero  fill. 

The  measure  name  that  will 
appear  on  the  output  report. 

This  may  be  continued  in 
columns  17-26,  Col.  7-16 
will  appear  as  the  first  line 
and  col.  17-26  will  appear  as 
the  second  line  of  the  heading. 

No  entry  required. 

Any  further  description  of  the 
measure  required  for  identifica- 
tion purposes  only.  This  entry 
is  optional. 
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W Cards 


One  W card  is  prepared  for  each  factor  and  subfactor  within  each 
measure.  A maximum  of  10  weights  may  be  entered  on  a card.  If  there 
are  more  than  10  vessels  in  the  problem,  and  therefore  more  than  10 
weights,  a continuation  card  is  to  be  used.  The  maximum  number  of 
vessels  (weights)  allowed  is  20. 

Each  factor/subfactor  is  assigned  a unique  (within  a measure)  Factor 
, Code  Number.  Both  the  weights  and  ratings  are  assigned  the  same  factor 
code  number  in  each  measure.  The  following  conventions  are  used  in 
assigning  the  numbers; 

- Factors  are  identified  by  a single  digit  number  from  1 to  9. 

- Subfactors  are  identified  by  a multiple  digit  number,  the  first 
of  which  is  the  factor  digit. 

A special  feature  of  the  type  'W'  card  Is  the  Duplicate  Code.  The 
use  cf  this  code  will  simplify  the  preparation  of  these  cards  by  the  user. 

This  code  is  used  only  when  all  the  weights  for  a factor  or  subfactor  are 
identical  (for  all  vessels).  When  used,  the  letter  X is  entered  in  column  40 
and  the  weight  is  entered  in  columns  41-43  . No  additional  weights  are  to  be 
entered  when  the  duplicate  code  Is  entered  in  column  40.  Additionally,  if  more 
than  10  vessels  are  Involved  in  the  problem  and  continuation  cards  are 
being  uBed,  the  continuation  cards  are  not  required  when  the  duplicate 
code  is  used . 
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The  use  of  the  continuation  card,  mentioned  above,  is  accomplished 
In  the  following  manner.  The  weights  of  the  first  10  vessels  are  entered 
on  the  Input  form  and  a 1 Is  entered  In  column  80.  The  weights  of  the  re- 
maining vessels  are  entered  on  the  next  line  of  the  Input  form  and  a 2 Is 
entered  In  column  80,  Tho  information  contained  in  columns  1 through  37 
is  identical  on  both  lines  of  input. 

The  following  table  provides  the  rules  for  the  preparation  of  the  W card. 


Col.  No, 

Field  Name 

Enter  tho  following  data 

1-2 

Measure  Number 

The  measure  number  previously 
assigned  on  the  M card.  Right 
justify  and  zero  fill . 

3 

Card  Cotie 

The  letter  W . 

4-8 

Factor  Code  Number 

The  number  assigned  using  tho 
rules  described  above.  Left 

Justify.  It  is  not  necessary  to 
zero  fill . 

9-37 

Description 

Tho  name  of  the  factor/sub  factor. 
This  Is  for  Identification  purposes 
only. 

38-39 

No  entry  required . 

40 

Duplicate  Code 

An  X If  all  the  weights  are  Identical 

41-  ,3 

Weight  (Vessel  1) 

The  weight  for  vessel  1.  Must  be 
numeric.  Right  Justify  and  zero  fill 
If  an  X has  been  ontered  in  column 
40  no  additional  entries  are  needed, 

44 

No  entry  required . 

45-79 

Weights 
(Vessels  2-10) 

Tho  weights  for  each  successive 
vessel  . Must  be  numeric,  right 
justified  and  zero  filled.  Each  3 
position  weight  Is  separated  from 
the  next  weight  by  a blank  space. 

80 

Continuation  Coda 

Only  to  bo  uo*?d  if  moro  than  10 

vessels  are  Involved  in  the  problem. 
Enter  a 1 on  tho  first  card  and  a 2 
on  tho  second.  Submit  only  1 card 
a nd  do  not  make  an  entry  in  col . 80 
If  an  'x'  has  been  enterod  In  col,  40. 
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R Cards 


This  input  data  is  prepared  in  a similar  manner  to  the  type  W cards 
previously  discussed.  One  important  difference  is  that  Typo  R cards  are 
prepared  for  elementary  factors/subfactors  only.  There  is  no  input  prepara- 
tion for  non- elementary  factors/subfactors. 

The  ratings  applicable  to  a problem  run  are  normally  system  dependent. 

A maximum  of  10  ratings  can  be  entered  on  a single  card.  The  maximum 
number  of  systems  allowed  by  the  program  are  30,  therefore  allowing  the 
user  to  prepare  up  to  3 cards  per  factor/subfactor.  A continuation  code 
is  used  to  handle  more  than  10  systems.  The  ratings  applicable  to  the 
first  10  systems  are  entered  on  the  first  card  and  a 1 is  entered  in  column 
80.  The  ratings  of  the  11th  through  20th  systems  arc  entered  on  the  second 
card  and  a 1 Is  entered  In  column  80.  The  ratings  of  the  remaining  systems 
are  entered  on  the  third  card  and  a 3 is  entered  In  column  80. 

It  is  possible  that  In  a particular  problem  some  of  the  ratings  will  bo 
both  system  and  vessel  dependent.  The  program  allows  for  this  possibility. 

For  this  situation,  the  user  must  enter  the  applicable  vessel  number  in  columns 
38-39.  The  ratings  are  entered  in  the  normal  manner  and  continuation  cards 
may  be  used  if  necessary. 

The  table  on  the  following  page  provides  the  rules  for  the  prepat  >Uon 
of  the  type  R card. 
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CODING  SHEET  FOR  TYPE  R CARD  ! 

SYSTEM  /VESSEL  RATINGS  TOR  ELEMENTARY  FACTORS /f  t'BFACTORS 
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Col.  No. 


9-37 


38-39 


41-43 


45-79 


Held  Name 


Measure  Number 


Card  Code 
Factor  Code  Number 


Description 


Vessel  Number 


Rating  (System  1) 


Ratings  (Systems  2-10) 


Continuation  Code 


Enter  the  Following  Data 

The  measuie  number  previously 
assigned  on  the  M card.  Right 
justify  and  zero  fill. 

The  letter  R^ 

The  number  assigned  using  the  rules 
described  above . Left  justify.  It 
is  not  necessary  to  aero  fill. 

The  name  of  the  factor/subfactor. 

This  should  match  the  description 
entered  on  the  corresponding  W card. 

Use  only  when  ratings  are  vessel 
dependent.  Enter  the  appropriate 
vessel  number  as  previously  assigned 
on  the  V cards  . 

No  entry  required. 

The  rating  for  system  01  as  designated 
on  the  S cards.  Must  be  numeric. 

Right  justify  and  zero  fill.  A rating 
must  be  entered  for  each  system.* 

No  entry  required . 

The  ratings  for  each  successive  system. 
Must  be  numeric,  right  justified,  and 
zero  filled.  Each  3 -position  rating  is 
separated  from  each  other  by  a blank 
space . 

Use  only  when  more  than  10  systems 
are  used  in  the  problem.  Enter  a 1 on 
the  first  card,  a 2 on  the  second,  and 
a 3 on  the  third  if  there  are  more  than 
20  systems  , Do  not  make  an  entry  in 
this  field  If  there  are  10  systems  o: 
less  . 


* Ratings  must  bo  given  oven  for  systems  which  do  not  apply  to  the  given 
vessel,  i.e.,  non  viable  system/vcssel  combinations  which  are  spocifiod 
on  the  K cards.  Since  those  ratings  are  eventually  masked,  any  legitimate 
rating  number  may  be  used  (i.e.,  any  number  between  0 and  100).  A 
rating  of  0 is  suggested  for  convenience. 
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INPUT  LAYOUT  FOR  EACH  C 


Input  So  quo.  ico 

The  following  recommended  sequence  (shown  on  the  following  page) 
will  provide  the  user  ease  in  locating  any  invalid  cards  rejected  by  the  edit 
iinxiule  (step  2).  The  user,  may,  however,  select  any  alternate  sequence 
he  may  find  more  practical. 

Card  Type  N - Function  - sets  the  number  of  systems  and  vessels 

applicable  for  the  particular  run. 

Card  Type  S - Function  - contains  the  abbreviated  system  name 

(2S  characters)  which  will  appear  on  the 
output  report. 

Card  Type  V - Function  - contains  the  vessel  name  which  will 

appear  on  the  output  report. 

Card  Type  K - Function  - masking  non- viable  candidate  systems  on 

a vessel  basis. 

Following  those  parameter  and  formatting  cards,  the  factors  and  sub* 
factors  are  to  be  input.  These  cards  should  bo  grouped  by  measure. 

Card  Type  M - Function  - contains  the  abbreviated  measure  name 

(10  characters)  which  will  appear  on  the 
output  report.  The  card  also  contains 
tho  measure  weight.  One  'M*  card  is 
required  for  each  measure. 

Card  Type  W - Function  - contains  the  weights  (by  vessel)  for  each 

factor,  subfactor.  Cards  should  bo  in 
factor  sequence. 

Card  Type  R - Function  - contains  the  ratings  (by  system)  for  oach 

factor,  subfactor.  Cards  should  be  in 
factor  sequence. 
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RECOMMENDED  SEQUENCE  OF  INPUT  DATA 


SAMPI.i:  PKOUIXM 


The  sample  problem  included  in  this  section  consists  of  the  18  viable 
candidate  systems  for  the  six  vessels  included  in  this  study.  This  section 
contains  a listing  of  the  input  (card  images),  a pictorial  layout  of  the  job 
stream,  a list  of  the  actual  JCL,  and  the  resulting  output  report. 


tf. 
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Input  Data  (C  ad  Images) 


Sheet  1 of  1 7 


«.  i'  N card 

«1  V *U  *»!«•  < S*<*‘  7 — 

*>?v  ^ 1 1 

j * c ■ i 


number  of  vessels  and  systems 


o«'  »»«*i  tm  <?*>/>•) 

str.r 

rtfcvPn!».T 


f>5«! 

0 g * 

A7« 

«M 

AQ« 

10« 

1 1 « 
1?* 
11* 

1 U« 
<%« 
t *.* 
t 7« 

' A« 

A 1 * AH 
A?»  I'T 
A*.«  A? 


r-*?f 

1 * l •'•Sun 

MIDfiO'i  f»?>7  »p».*pxt* 

C.Ov  rr>L /fcfHi  T wr,(f;  7 7 
»rr  Itr/A  (T“i  *-•*►•  i t7/r.(«tT7 
otctPr/«(Cwi  *>*l'rwr(“L’) 

r.  By  t^L  T 7 yt  ( w*  » ) 

rnL  / /'*♦<■.<  r.p‘-*Ki  i 7 

/a  (ml  t 7 /r.  f r,0"«Mi  7 7 
rrtL  7 jr.t  -ji  7 > 

f nL  /u  ( wl  7 7 / t 7 7 
fni_  /m  |iuf  7 tr.  1 *t  t \ 
r”L  /» ( f v»p  7 /r. (*<i  7 7 
fn^/Ai«|  7 7 / r.  ( r.K*«M[  77 
C^t,  / c 7 ne»  7 / o*rs  1 ! «.f  7 
t"i  /» f 1 7 /r.  r mi  1 7 
cr»t  /“ f l*T)  /f- (MLT > 

ff>l  /U/f  V|B)  /r.7H(  7 7 

rnL/ufKt77/r(P8»'*W(.T1 

r °l  /G  7 r.&' 7 ««G<(  7 “p  7 J 

« ? I x U \ * - - - 


.JV  cards  ^ vessel  number  and  name 


r.ov 
r.c  v 
r,°v 
f.®^ 

var 

v*r 

vac 

v»C 

v*C 

p»  ^ p 
pwp 

oup 

PMP 

pup 

A* 


- 


S cards  - system  number  and  name 


'V 


K cards  - non- viable  system/vessel 

jtoiofcmations  


cards  - M/E  number,  name  stnsL yteighL- 


W cards  - Factor/subfactor  identification 
/ and  weight 


274 


Sheet  3 of  17 


0 £1 1 1 
04*'  1 ? 
nu*  ? 
no*?  t 
--no*?? 

00*3 
nir;nt 
nu*i? 
n n"  " 
nu*s 
na*Sl 
no*  s? 
ou»M 
os*  t 
ns*  i l 

ns*  1 ? 

-ns-?  — 

ns*?i 

ns*?? 

- ns-?* 
ns*  ?« 

ns*?s 

— "S*?* 
OS'S 

ns*il 

nS-ti 

ns*01 

— n%»u? 
OS** 
ns^h 

— n^T 
nnw\ 
ns*;? 

--  nn*?( 
np»?? 
ns*?* 
oo«?u 
no*  ?* 
ns*?s 
nn»s 
0 7*1 
n?-i  1 
07*1? 
07-1' 
n 7 * I S I 

— n7*  i S? 
07*133 
07*130 
07«1  u 
n 7 * 1 « 1 
07*1 «? 
n7“? 
n7*’?l 
07*?? 
n 7 * ? 3 
07'vj 
07'«  J1 
07*  V 
07'“3S 


*07*  I 

*n?S 

yn7S 

»o?S 

7 0?  0 
»n?s 

— *n?s  - - 
yni  s 
*n)  n 

**?.*  - 

*030 
ynsn 
, — ynis 
*0  7S 
*n?S 

*r,\n 

*ni  s 
**1* 

-*n?A 

*"?S 

*0?0 

. ...*AP*  - 

* o?S 
yo?s 

YA?S 

*n  1 S 
"07S 

yn?S 

*o  is 
*ois 

*n<  s 

yn.so 

*0  SO 

-*a?a 

*n?S 

*o?s 

. — *ms  ■ 
*"!'■ 

* ops 
* n?  o 

* no  o 

* 03s 

yn?s.. 

yn?s 

xnuo 

*n?o 

yoin 

*010 

XMS- 

* o so 

yauo 

.»n?s 

YfSS 

you* 

— * n ? 0 

*o?o 

ynuo 

-ynon 

yo?n 


'W  cards 


* t « i*  ir_  ’ Ww'<  uW 


Sheet  4 of  1 7 


o?, « *«i  J W card 


0|«t ! 1 

■ - -01 

I aa 

| ft  A 

1 00 

4 AA 

AAA 

A AA 

1 00 

AAA 

f A A 

1001 

- — - = 

0|*«  • 1 

A 1 

' Oft 

ftftft 

AAA 

4 AA 

1 Aft 

1 ftft 

AAA 

AAA 

/ 

1 0)»1  1 1 

A? 

ftftft 

ftftft 

ftftft 

AAA 

ftftft 

AfA 

AAA 

Aftft 

AAA 

1001 

Am  1 1 

- - - — --  mm  «■--•  ■»»■■■  H 1 ■ 

ft<vft 

ftftft 

A ft  ft 

10" 

| AA 

1 AA 

AAA 

AAA 

? 

— — -* 

, om»i 

A? 

1 00 

i o a 

1 0" 

4 ftft 

1 AA 

1*0 

1 AA 

t ft  A 

1 01 

1001 

01*111 

A* 

t Oft 

100 

1 po 

i Aft 

1 AA 

1 Aft 

1 A A 

1 A A 

f 

r— - 

1 

| 91*1(1 

IftA 

4 ftft 

1 0 A 

\ Afi 

4 AA 

f A A 

1 AA 

1 A A 

1 AA 

too 

1001 

? 

on 

1 nft 

1 Aft 

4 Aft 

4 AA 

» 

"1*1(1 

0*( 

4 ftft 

4 ftft 

f AA 

• A A 

1 A A 

1 pp 

1 A A 

1 Aft 

1 po 

1001 

L,  ..01*111 

1 Aft 

i Aft 

1 A* 

f AA 

4 AA 

1 AA 

1 AA 

• A A 

t 

, 

(*  1 • 1 • 1 

r* 

ftftft 

AA  * 

ftftft 

ftftft 

AAA 

Aftft 

Aftft 

ft  ft  A 

4 A A 

AAA  1 

R cards- 

"1*1 ( 1 

ft* 

1 nft 

ftftft 

A ft  A 

ip" 

ftftft 

J Aft 

AAA 

AftA 

? 

. 0|»i  (7 

....  .ftt 

ft  A ft 

AAA 

AAA 

AAA 

AAA 

AAA 

AAA 

AftA 

AftA 

AAA  | 

elementary 

01*1 (? 
"(«!(? 

a i 

a? 

ftftft 

ftftft 

ftftft 

ftftft 

ftftft 

ft  A* 

AAA 

Aft  A 

ftft  A 

ftftft 

ftftft 

ftftft 

ft  A A 

AAA 

ft  A A 

AftA 

AAA 

? 

AAAI 

factor/ 

i*l 

! «i#n? 

Ajl 

ftftft 

AAA 

AAA 

AAA 

AAA 

ftftft 

AAA 

AftA 

? 

subfactor 

r i 

I "i*it? 

i "i*k? 

A\ 

ftftft 

ftftft 

ftftft 

1 ftft 

ftftft 

4 ftft 

AAA 

A AA 

\ A A 
AAA 

1 A A 
Aftft 

ft  A A 

1 ft  A 

t A A 

1 A A 

AAA 

OOP) 

? 

Identification 

: 

. ...  A)  0 1 1 f 

> 4>>-  M ->  - ft 

ftftft 

no* 

AAA 

000 

\ AA 

4 Aft 

1 AA 

) AA 

AAA 

AAA| 

and  ratings 
for  each 

. "1*11? 

Oft 

ftftft 

1 ft  ft 

1 0 A 

ftftft 

ftftft 

AAA 

i AA 

1 ft  A 

? 

! i*m •? 

ft  A 

1 ftft 

4 ftft 

4 ftft 

1 ftft 

\ ftft 

1 ftft 

1 ftft 

4 ftft 

4 AA 

1 A A | 

0|»<17 

, 

I Aft 

1 AA 

| AA 

1 ftft 

1 AA 

1 AA 

1 AA 

1 ftft 

? 

system/ 

VOSBOl 

1 "|»1 *7 

0 A 

ftftft 

ftftft 

ftftft 

ftftft 

ftftft 

Aftft 

Aftft 

Aftft 

POO 

op  0| 

oi*H7 

00 

ftftft 

ftftft 

ftftft 

ftftft 

ftftft 

AAA 

AAA 

OPO 

7 

' / 

: . -nm? 

100 

100 

100 

ioo 

100 

l on 

1 no 

1 OP 

l no 

1001 

om> 

* 0" 

1 ftft 

i ftft 

( PO 

1 ftft 

1 0" 

1 AA 

4 Aft 

? 

"1*11 

ft-) 

ATS 

071 

07* 

07* 

ftftft 

AAA 

07* 

Aftft 

07* 

"7*1 

! 

1 ...  ni  * » a 

, , *, __ o \ 

OTA 

AAA 

ftftft 

07* 

07* 

07* 

AAA 

AAA 

? 

f 

. " 1 * 1 A 

ft? 

on 

071 

ftftft 

ftftft 

ftftft 

Aftft 

AAA 

Aftft 

07* 

07*1 

! 0 J * 1 1 

ftftft 

ftftft 

AAA 

07* 

07* 

ATS 

AAA 

AftA 

? 

01BIA 

— — - — -o' 

070 

07* 

07* 

07* 

07* 

07* 

07* 

07* 

07* 

07*1 

01*11 

01 

ft?* 

0 7 A 

07* 

07* 

07* 

07* 

07* 

"7* 

7 

"1*11 

0 U 

"7* 

07* 

07S 

07* 

07* 

07* 

07* 

07* 

07* 

07*1 

it  ft 

A?* 

on 

"7* 

07* 

07* 

07* 

07* 

07* 

07* 

ATS 

ATS 

A7S 
A TV 

"7* 

"7* 

? 

"1*11 

o* 

on 

"7* 

"7*1 

01*11 

01 

07  * 

07*. 

07* 

ATS 

ATS 

07* 

"7* 

07* 

t 

on 

071 

Aft  A 
ftftft 

ftftft 

ftftft 

AAA 

AT* 

Aftft 

ftftft 

a r a 

AAA 
A ft  A 

ftftft 

AftA 

07* 

AAA| 

? 

• | 

A 1 ° 1 A 

<•* 

07* 

o | * ?( 

0 1 

IT" 

4 ftft 

\ ftft 

1 A A 

ftftft 

Aftft 

1 AA 

ftftft 

Aftft 

"001 

A I w?  » 

— - .—  0! 

AftA 

ftftft 

AAA 

Aft.  A 

ftftft 

AftA 

AAA 

AAA 

? 

0I*>7I 

ft? 

| ftft 

1 ftft 

ftftft 

ftftft 

Aftft 

Aftft 

AftA 

ft  Aft 

AftA 

Aft  A| 

a 1 o ? i 

ft  ? 

ftftft 

A * f\ 

ft  ft  A 

A ft  A 

ft  f\  n 

Aftft 

ftftft 

ft  A A 

> 

o|«7l 

_ „ ft  1 

* Aft 

1 AA 

1 ftft 

I AA 

t Aft 

| A A 

1 OA 

4 AA 

AftA 

AftA) 

f 

01  »71 

At 

ft  ft  ft 

ft  ft  ft 

ftiift 

ft  A A 

Aftft 

ftft  ft 

AftA 

Aft* 

i 

1 

01  *?( 

ft  U 

ft?n 

A ? ft 

A?  A 

A?  A 

A?  n 

A ? ft 

A ? A 

rfr 

t A A 

1 A A| 

All  remaining 

: . . o i « f t 

— — <\u 

1 AA 

4 AA 

1 ft  A 

ftftft 

AAA 

Aftft 

AAA 

AftA 

? 

"1  *?1 

as 

1 AA 

1 ftft 

1 0 0 

1 Aft 

1 ftft 

1 Aft 

1 A A 

4 Aft 

AftA 

p*)0| 

cordu 

«.* 

0 uO 

ftftft 

0«0 

ftftft 

AAA 

Aftft 

AAA 

A Aft 

f 

ft* 

100 

AAA 

Aft  A 

OOP 

ftftft 

AAA 

AAA 

AftA 

AftA 

AAA| 

01*71 

ft* 

ft  y ft 

ft  Aft 

ftftft 

ftftft 

ftftft 

Aftft 

ft  A A 

ftftft 

? 

- 

A | ° ? ? 

ot 

1 ftft 

ft  1ft 

ft  J ft 

1 "A 

Aftft 

Aftft 

4 ftft 

ft  Aft 

AftA 

AftA  | 

0)9?? 

— i\  I 

Ail  A 

AAA 

ftftft 

A 41ft 

Ay  A 

Ay  A 

AAA 

ftft  A 

f 

_ . - 

«1  "?7 

O? 

1 ftft 

ft  l A 

ftftft 

ftftft 

AAA 

Aftft 

AAA 

Aftft 

AftA 

Aft  At 

01  W?7 

0? 

A A ft 

ftftft 

ftftft 

Aft  A 

A U ft 

ft  it  ft 

A A A 

ftftft 

? 

- 

0|  «77 

..  . --  - ~x\  \ 

| l>  A 

ft  J A 

A \ ft 

| ft  ft 

1 A ft 

| A A 

I AA 

4 ftft 

AftA 

Aft  A | 

- • 

A 1 Of? 

AS 

AftA 

ftftft 

All  A 

A U ft 

a n ft 

Ay  ft 

fty  A 

ft  y A 

? 

A|  Of? 

ft  n 

ftftft 

ft  1 ft 

A \ ft 

A ft  A 

Aftft 

ftftft 

AftA 

Aftft 

1 A A 

1 A A | 

01  Of? 

■ — - . — ^\a 

f ftft 

\ ftft 

» AA 

| A ft 

| A A 

t ft  A 

t AA 

4 AA 

? 

; ; 

"1  Of? 

r *1 

1 ftft 

n jo 

0 JO 

1 Oft 

| Aft 

1 ft  A 

1 po 

1 ftft 

AftA 

AftA  | 

Sheet  5 ol  17 


pi®?> 

M®?? 

pio?? 

ni»?M 

pi*?M 

Ol’Ml 

M*Ml 

P|®?M 

»1*7M 

moj^i 

01  »P  ^ t 
P1®?V 

<*!•/ V 
A|«?V 
*!•?%> 
P1*?V 
p)»?V 
-M®M? 
M«M? 
MW 
-M«M? 

fl1®?11 

P|»?X1 

P1“M1 

P1*?M 

P1»MX 
P|«?M 
M*Mt 
pi®?-n 
0I»?M 
«1®MX 
P1®?n 
«!*?!« 
M*Mn 
K\»?yu 
n ) of\u 
M »?  »<; 
nir?i® 
P|®>X* 

P 1 «M® 
P|»?X« 
P|"M« 
P1®?X“ 
P|«MP 
"1®MS 

MMVL 

M»M* 

oi'jyis 

P1*?'S 


0® 
— PA 
PA 
PI 
“PI 

p? 

ft 


p\ 

pn 


p*. 

r® 

— fik 

PA 

PI 

Oj 
OP 
MX 

M 

Oh 
-* A 4) 

*5 
A5 
Of* 

A*. 

o \ 

-M% 
0? 
0? 

A 5 

on 

~o* 

0* 


Aa  A Aa  A 
| «A  Afft 
A«A  Af»n 
ton  non 
o<tn  non 
1 on  non 
non  non 
ton  non 
nan  a a a 
non  non 

ton  4nA 
inn  non 
nan  n « a 
| A A A (I  A 

nan  non 
inn  inn 

AAA  AAA 

\ nn  ion 
aaa  nnn 

IAA  AAA 

inn  ion 
nnn  nnn 

AAA  AAA 
inn  inn 
A*n  ftn 
1 AA  AAA 

nnn  nnn 
inn  05* 
AAA  AAO 
1 n n inn 
nnn  nnn 
hva  o*a 
n^n  a5c 
inn  n^n 

1 AA  1 A A 

1 no  n* 
n^n  OS 
4 0*  non 
ov»  of»n 
inn  inn 
inn  ooo 
inn  ion 
non  nnn 

•1  A A inn 

inn  inn 
inn  inn 

■VAA  1 A A 

ion  i n a 
inn  inn 

>10  A AO  a 
mo  non 
non  non 

AAA  AAA 

inn  non 
nnn  nnn 

-4  A*  AAA 

non  non 
inn  n An 

1 A A AAA 

1 00  0 AO 


nan 

AOO 

AfO 

non 

on  n 
onn 
non 
o*o 
run 
non 
10* 
A*n 

ABA 

AAA 

non 
1 no 

AAA 

non 

nnn 

AAA 

ion 

ftAO 
AAA 
1 OA 

non 

*AA 

non 

nSO 

AAA 

non 

non 

050 

nsn 

050 
too 
A1)  A 

050 

AO  A 
non 
1 M 

AAA 

non 

A A A 

1 AO 

! no 
1 on 
100 
1 on 
1 no 
■Of)  A 
onn 

0 AO 
Of  o 
Aon 
non 

OA  A 

ono 

non 

non 

n An 


«un 
O0A 
nan 
100 
ono 
non 
on  a 
to* 

A 0 A 
AAA 
AOA 
10A 
ono 

A0O 

nnn 
1 no 
AAA 
000 
A A ft 
AAA 
A**  A 
on  A 
AAA 
100 
AAA 
AAA 

0 An 
osn 

1 00 
000 
1 00 
1 AO 
1 00 
050 
4 AA 
If  A 
| on 
AAA 

1 no 
100 
1 AA 

0 0 A 

1 no 
4 AA 
1 00 
1 00 
4 AO 
1 AO 
1 00 
AAA 
1 AO 

A A 0 

AAO 
non 
1 nn 
AAO 
1 On 
OAo 
A** 

1 no 


ny  n 
oao 
non 
000 
AO  O 

000 
000 

1 A a 

000 
or  o 
OAO 

1 on 
ono 

o AA 

AAO 

ooo 

AAA 

000 

OAO 

AAA 

AAO 

OAO 

AAA 

1 nn 
OAO 

000 
non 
ono 

1 AA 

one 
1 no 
1 AA 

1 no 

050 
1 AO 
1 00 
10  0 
ono 

onn 

non 

4 O A 

onn 
100 
4 AO 
1 00 
1 00 
ion 
1 no 
i oo 
Aoo 
OOO 
ooo 

OAO 

000 

1 no 
AAA 
100 
OAO 
OAO 
loo 


oar  o o n 
ooo  ooo 
non  non 
non  ion 
ooo  aoo 
ooo  aoo 
Ofn  non 

4 AA  IfO 

ono  oon 
non  non 
ooo  aoo 
loo  mo 
00n  onn 

ooo  ooo 

OOO  TOO 
nno  inn 

AOO  AAA 
ono  OOO 

onn  nno 

AAA  AAA 
non  non 
non  non 

AAA  AAA 
ion  inn 
oaa  non 

AOO  AAA 

non  ooo 
ooo  os  a 
4 A*  OOO 

0 0 o ooo 
100  OOO 
100  400 
100  050 
050  050 
1 AA  100 
100  100 
ICO  100 
OAO  A 0 A 

ion  ooo 
onn  ion 

1 A A AAA 

ooo  ofo 
• 0 0 nnn 

Of A 1 A A 
100  1 AO 
100  ion 
10*  ion 
too  100 
ton  100 

-A  A A -OAO 

10n  on* 
ooo  non 

AAA  AAO 

ooo  Ann 

000  ooo 

non  AAA 

1 f n ion 
AAA  non 
AOO  OAA 

ton  non 


n*  n 
AAA 

nor 

one 

onn 

Onn 

ooo 

If  A 

non 

non 

000 

1 o n 
onn 
oon 
onn 
onn 

AAO 

non 

000 

AAA 

nAf 

non 

AAA 

1 nn 
non 

AO  A 

non 
n A o 
AAA 

non 

non 

A*0 

IOC 

050 
4 AA 

1 or 
1 nn 
Aon 
non 
or  n 
nno 
or  n 
non 
1 on 

1 on 
1 n n 
1 AO 
« on 
ICC 
AAA 
OOO 

ooo 

AAA 

onn 

*00 

AAA 

t nn 
A*  a 
AOO 
AAf) 


AAO 

run 

A u o 

ABA 
1 AO 
nan 
A*  A 
non 
non 
IOC 
A OA 

ooc 
COO 
CM 
C5C 
05  A 
1 AA 
1 nC 

ASA 
ion 
AU  n 
1 AC 
1 on 
1 AO 
100 
one 

000 

OAA 

1 0 c 

AAA 


;> 

AOO  | 

? 

nn  n 1 

t 

PUP) 

? 

PPM 

? 

1001 
— ? 

n«M 

? 

P"M 

? 

n*ni 

? 

n»n  | 
? 

I"M 

? 

n*n  i 
• ? 

PPP) 

? 

nnr| 

? 

"MM 

r> 

"■ini 

? 

"MM 

? 

I""1 

...  ? 

MM 

? 

«""! 

? 

1""1 

? 

na"  | 
? 

1PM 

? 

1 PM 

? 

1 "PI 
? 

P0P1 

? 

PPM 
•■  • ? 

ftpp| 

? 

PPP1 

? 

1 OM 

)» 

1 
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4m?}5 

- 

ni»2}5 

"10201 

410241 

AJ92*1 

O|0?«1 

. ... 

4 | 0 2 4 | 

4|024| 

O|0?0l 

..  ojopai 
010241 
010242 
0|O24? 
0(0242 
oi<>242 

010242 

010242 
0 l 0242 
010242 
010242 
"1024 2 

010242 

0 1 024  2 
«1D?« J 
O 1 O 24 \ 
0)024} 
01024} 

0(024} 

01024} 

0)024} 

_„01024} 

01024} 

0(024} 

..•0)024} 

0)024} 

0)0244 
01U24U 
0 I 024  4 

0 1 O 2 4 4 
0)0244  . 
0(0244 
010244 

010244 

0)0244 
0)0244 
. . 010244 
0)0244 
0|P24S 
0 1 024S 
0)024} 
0)024} 
0)024} 
0(024} 

0 1 O 2 4 } 
— 0(024} 

0)024} 


0}  000  OM  "po  100  100  100  (Oft  100  2 

— _PO  IPO-  *4**44  000-00*  -0OA  OOP  040  000  -0001 
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This  section  contains  both  a schematic  diagram  (see  following  page) 
and  a card  image  of  the  actual  Job  Control  Language  (ICL)  usod  to  run  the 
sample  problem.  The  user  proparod  input  (part  of  Stop  1)  should  be  sequenced 
as  previously  described. 
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JOR  STREAM  INPUT 


3£jKgjig SjgHjtr? 


Actual  fCL 


//STEPl 
//SYSOLT 
//SORT  IN 


EXEC 

00 

00 


SORT, PA  PM. SORT*  *COR E-060000, MSG-AP«  eREGI 0N-7QK 
SYSOUT-A 

*,OCB»BLKSI  26-80 


I 


USER  PREPARED  INPUT 


/* 

//SCRTWKC1 
//S0RTWK02 
//SCRTWKC J 
//SORTWKOA 
//SCPTWK05 
//SOR TWK06 
//SCRULT 
// 

//SCRT.SVSIN 
SGRT  FIELDS 

/* 


OD 

CC 

OC 

00 

00 

00 

00 

OCB 


UNIT-  SYSCA,  SPACE  *(CYL  ,1  2,1)) 
UNIT»SY50A,SPAC£»(CYL,(  2*  l)> 
lNIT*SYS0A,SPACe*(Cyi,(2,I)  ) 

UN 1T-SYS0A, SPACE*  (CYL,  ( 2,  1)1 
LNIT-SYSOA  .SPACE  «(CYL,  (2,  U) 

UM  T-SYSDA,  SPACE-  (CYL,  (2,1)  ) 

OSN-CFACTCRl.OISP* (NEW, PAS S >, LN I T-SYSDA  , 
l RECFM-F8,tRECL-80»BLKS IZE-800 I, SPACE* (CYL , ( 2, 


I)  ) 


CC  ♦ 

(1,2, A, A, 5, C, 38,2,A,3,l,D«8Q,l,A),F0RMAT-BI 


//STEP2  EX6C  PGM-CGwMl 

//STEPL18  00  OSN-B IDS. TEST, DI SP*SHR 


//SYSLOLPF 
//!  YSOLT 
//PRIMER 
//FACTORS 
// 

//SYS  I A 


OD 

00 

00 

00 


00 


SYSOUT-A 
SYSCUT-A 

SYSOUT-A, OCB-BLKSIZE-I33Q 
0SN-£FACTCR1,0ISP-(0LC,PASS ), 
CCH=(RECFM*FB, LR£CL*8  0,BLK  SI  26-800) 
DSN-81CS.CLYSLASF,0ISP«SHR 


//STEP3  EXEC  SORT ,PARM .S CRT- 'CORE- 060000 , MS C-AP ' .REGICN-70K 
//SYSGUT  00  SYSCLT-A 

/ / SOR  TIN  00  OSN*CFACTCRi,DI  SP-  ( CL  C, PASS)  »llNIT=SY$DA  , 

//  OCB* (RECFM-FP,LRECL»80,BLKSIZE-800), SPACE =( CYL, ( 2, I) ) 

/ /SORT  hKQ  1 00  UMT-SYSO A , SP ACE- ( C YL  , < 2 , l ) ) 

//SCRTWKC2  00  UN  I T- SYSDA  , SPACE  «( C YL  ,(  2 , l )) 

//5CRTWX03  CC  UN  (T-SYSOA, SPACE- (CYL ,( 2 , i ) 2 
//SORTWKCA  OD  LN I T- SY SOA  .SPACE  * (CY L , ( 2 , 1 ) ) 

//S0RTWK05  00  UN  I T- SY SOA , SPACE  * ( CYL ,(  2,  l ) ) 

//SCPTWKC6  OC  LNIT-SYSOA, SPACt-JCYL, (2, 1) ) 

//SORTCUT  00  OSN*  CFACTOR2,OISP-(  NEW, PASS)  ,UM  T-SYSOA, 

/V  CCB-(RECFM»FB,LRECL-80,BLKSIZ6-800|,SPACE-(C YL , ( 2, 1) I 

//SCRT.SYSIN  CO  * 

SGRT  FI  EL  OS- (3 ,l,A,1 ,2 , A , A, 5,0 , 38 , 2, A , 80, I, A) .FORMAT* B I 
/* 


//STEPA  EXEC  PGM-CGWM2 
//STEPLIB  00  CSN»BIOS.TEST,OISP*SHR 
//SYSUOUPP  OD  SYSOUT-A 
//SYS0L1  00  SYSOUT-A 

//PRIMER  DD  SYSOUT-A,  OCB-BLKSIZE*  1330 
//SYSIN  CC  DSN -B IOS .OLY SLASH, D S SP*  SHR 
//FACTORIN  00  OSN-CF ACT0R2 ,0  I SP -(  C LO, UELE Tt I . 

//  OCB-(RECFM-FB,LR6CL-BO,BLKSI26-eOO) 
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PROGRAM  DESCRIPTION 


The  computer  program  for  quantifying  the  effectiveness  of  candidate 
system/vessel  combination  Is  written  in  ANSI  COBOL.  It  consists  of  two 
sorts  and  two  program  modules . 

The  first  sort  reads  as  Input  the  complete  user  prepared  data  for 
the  problem.  The  output  of  the  sort  is  a temporary  disk  data  set  which 
is  deleted  at  the  end  of  the  entire  run.  This  data  set  (&FACTOR1)  Is 
input  into  the  first  program  module,  the  edit. 

The  edit  program  module  (CGWM1)  reads  each  card  image  from  the 
temporary  data  set.  The  first  edit  performed  is  on  the  type  of  input. 
Column  three  of  the  Input  data  prepared  by  the  user  contains  an  alphabetic 
character  indicating  the  type  of  Input.  If  the  entry  in  the  Input  card  is 
different  than  those  allowed,  the  error  message  'Invalid  Card  Type'  and 
the  card  image  is  printed  on  the  reject  report. 

Numerous  edits  are  performed  on  the  factors  and  subfactors  con- 
tained in  the  weight  and  rating  input  cards . Each  factor  or  subfactor  is 
tested  for  numeric  and  is  also  checked  to  be  in  the  legitimate  range  of 
zero  to  one-hundred.  If  these  tests  are  failed,  the  error  messages 
'Non-Numeric  Factor',  'Factor  Less  than  Zero  , or  'Factor  Greater  than 
One -Hundred'  are  output  along  with  the  image  of  the  card.  Each  rating 
card,  in  addition  to  the  above  editing,  must  also  match  a weight  card, 
which  is  processed  immediately  prior  to  it.  If  the  rating  card  does  not 
match,  the  error  message  'Unmatched  Rating  Card'  and  the  card  image 
are  output.  When  the  level  of  the  weight  factors/subfactors  changes, 
no  rating  factor/subfactor  la  required.  An  additional  edit  is  performed 
to  check  this  and  the  error  message  'Invalid  Rating  Card'  is  printed  if 
a rating  card  is  present. 

One  final  edit  is  performed  on  the  weight  card  factors  and  sub- 
factors.  As  each  card  Is  processed,  the  weights  are  accumulated.  Wnen 
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the  factor/subfactor  level  changes,  the  accumulated  weights  are  checked  to 
determine  if  they  add  to  one  hundred.  If  they  do  not,  the  error  message 
'Factors  Not  100'  is  printed  along  with  the  related  measure  number,  vessel 
number,  and  level. 

At  the  conclusion  of  the  edit  module,  the  temporary  data  set  which 
was  used  as  input,  is  resorted  and  a second  temporary  data  set  1 

(&FACTOR2)  is  created.  This  data  set  becomes  the  input  file  to  the  calcula- 
tion module  (CGWM2).  Although  the  edit  module  performs  most  of  the 
editing  functions,  a few  additional  edits  are  performed  in  this  module. 

These  edits  are  performed  before  the  calculations  are  begun  and,  if  any 
edit  falls,  the  module  is  aborted.  The  following  areas  are  edited: 

. Measure  Cards 

, System  Cards 

, Vessel  Cards 

a)  Measure  Card  Editing  (Card  Type  M) 

The  weight  assigned  to  each  measure  is  edited  for  the  following 
criteria.  It  must  be  numeric,  less  than  or  equal  to  100,  and  greater  than 
or  equal  to  zero.  If  any  of  these  edit  tests  are  failed,  an  appropriate 
message  is  printed  and  the  module  aborted.  The  measure  weights  are 
accumulated,  and  after  all  of  the  input  data  has  been  processed,  the 
accumulated  weight  is  checked  to  see  if  it  is  one-hundred.  If  it  is  not, 
the  module  is  aborted. 

The  limit  on  the  number  of  measures  allowed  in  the  program  is  15. 

The  measure  number  on  each  measure  card  processed  is  checked.  It 
must  fall  in  the  range  of  01  to  15.  An  error  message  is  printed  and  the 
run  aborted  if  it  is  not , 
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b)  System  Card  Editing  (Card  Type  S) 


The  maximum  number  of  systems  allowed  in  the  program  is  30.  The 
system  number  on  each  system  card  processed  is  edited.  It  must  fall 
within  the  valid  boundaries  of  01  to  30.  If  it  does  not,  an  error  message 
is  printed  and  the  module  aborted. 

c)  Vessel  Card  Editing  (Card  Type  V) 

A similar  type  edit  is  performed  on  vessel  cards  as  is  performed  on 
the  system  cards.  The  maximum  allowable  number  of  vessels  is  20.  If 
the  vessel  number  on  the  vessel  card  is  outside  the  range  of  01  to  20,  an 
error  message  is  printed  and  the  run  aborted. 

The  calculation  module  initially  reads  all  of  the  input  data,  performs 
the  above  edits,  and  tables  the  data  read.  The  module  then  begins  the 
calculation  of  the  effectiveness  of  each  system.  This  is  performed  for 
each  measure  and  for  the  overall  effectiveness  for  each  system  for  each 
vessel.  The  measures  of  effectiveness  are  calculated  by  system  within 
vessel.  Each  vessel  appears  on  a separate  page.  If  a .system  is  not 
applicable  for  a particular  vessel,  the  measures  of  effectiveness  ,atings  are 
masked  out  and  the  symbol  N/A  will  be  printed  instead  of  the  rating  for  the 
measure  of  effectiveness. 


I'd  it  Modulo 

As  described  on  the  preceding  pages,  the  Edit  Module  performs 
almost  all  of  the  editing  required  on  the  Input,  The  following  flowcharts 
illustrate  processing  on  a subroutine  (overall)  and  detailed  level. 
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Calculation  Module 


As  described,  the  primary  function  of  this  module  is  to  calculate 
the  overall  effectiveness  of  each  system/vessel  combination.  The  follow- 
ing flowcharts  illustrate  processing  on  a subroutine  (overall)  and  detailed 


level. 
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1CENT  If  ICAT10N  DIVISION. 

PFOQBFP-IC.  «MPI«. 

REMARKS.  COAST  GLARO  BASTE  PANAGEAENT. 

PROGRAM  EDITS  NE1GHT  ANC  RATING  CAROS. 
CHECKS  TOR  VALICITV  OF  TFE  FACTORS  AS  BELL 


CHECKS  FOR  VALICITV  OF  Tl 

AS  A PATCH  Of  DATA. 
ENVIRONMENT  C tV IS  ION. 

tNPL T-OUTPUT  SECTION. 

f ILE*-;C5NT«5n~ 

SELECT  FACTOR-FILE  ASSIGN  TO 
SELECT  RUNT-FILE  ASSIGN  TC 
CATA  C IV  IS  ION  . 

FILE  SECTION. 

fO  fAC  TOR-FILE 

RECORDING  NODE  IS  f 
LABEL  RECORC  IS  OMITTEC 
RECORD  CONTAINS  80 
«LWk~eONtAINS  C RECORC S 
DATA  RECORO  IS  FACTOR. 

Cl  FACTOR  PTC  XIBCI. 

FC  PRINT-FILE 

RECORDING  VOCE  IS  F 

LABEL  RECORO  IS  OHITTE0 

RECORC  CONTAINS  13S 
BLOCK  CONTAINS  0 RECCRCS 
CATA  RECORO  IS  P-IINC. 

Cl  P-L1NE  PIC  X( 1391. 


ASSIGN  TO  UT-S-FACTORS. 
ASSIGN  TC  UT-S-PRINTER 


GORKI  NO- STORAGE  SECTION. 


TT  LINE-CTR 
7T  PG-CTR 
TT  ERR-SMl 

tt  err-shz 

TT  NEAS-SAVE 
TT  COOE-SAVE 
TT  FH-TA^Uf  _ 
IT  T8L-HLLV 
TT  SAVE-TALL V 


PIC  VS  VALUE  SI. 

PIC  99  VALUE  0. 

PIC  9 VALLE  0. 

_PIC  9 VALUE  0. 

PIC  xx  value  spaces. 

PIC  XIS)  VALLE  SPACES. 


SHP-SAVE 

ERR-SVJ 


IT 

TT 

- 21- 

CCCCB9  TT 
TT 


V~HOA 

S-NOA 


PIC  9. 

PIC  9. 

PIC9..VALUEZER0. 
PIC  99  value  ZERO. 
PIC  9 VALUE  ZERO. 

PIC-99. 

PIC  9. 

PIC  99. 

PIC  99. 

PIC  99  VALLE  ZERO. 
PIC  99  VALUE  ZERO. 


C JL £ P C I £ fc-HC  I D . 

03  FH-NCAS 


FIC  SSI Al. 
PIC  S9IAI. 


PIC  XX. 


FH-PEAS-N  REDEFINES  FH-PEAS  PIC  99. 


FH-1TPE  PIC  X. 

FH-CODE  PIC  XI5> 

FH-COCE-N  REDEFINES  FP-COCE  PIC  9151. 

FW-NAPE Pit.  

FH-NUN  REDEFINES  FH-NAHE. 

05  NO-OF-VESS  PIC  99. 

fiS FILLER J>I  C.X. 

<J5  NO-OF-STST  PIC  99. 
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CCC122 

03 

03 

C5  FILLER 
FH-SHIP 
f h-SMP-N 

PIC  XI241* 
PIC  XX. 

RECIFINES  Fh-SHP 

PIC  94. 

C3 

OUP-COOE 

PIC  X. 

000130 

03 

FH-FACTORS 

OCCURS  10  TINES. 

CCC122 

05  FH-F1 

PIC  XXX. 

CCC124 

CS  FH-Pl- 

A REDEFINES  TH-FT" 

PIC  999. 

000126 

OS  CONT-CODE  PIC  X. 

Cl  HEAO-1. 

UOCTVi 

63 

FILLER 

P I CTTTJnmr 

SPACES. 

000200 

03 

H-OATE 

PIC  XI8  I . 

C3 

FILLER 

PIC  XX  VALUE  spaces. 

03 

FILLER 

PIC  Xl2fF  VALUr'FCOAST  GLARO  LASYntWlCEfT  . 

03 

FILLER 

PIC  XI 25  1 VALUE 

•ENT  HEIGHT  AND  RATING  CAR'. 

03 

FILLER 

PIC  XI21)  VALUE 

•0  REJECTS  PAGE  '. 

03 

T-PAGE 

PIC  ll. 

03 

FILLER 

PIC  X 140  1 VALUE 

SPACES. 

Cl  MEaO-2. 

05  FILLER PIC  KliinUXE1  REJECT  CTRD'T 

05  FILLER  PIC  X ( 74 ) VALUE  SPACES. 

03  FILLER  PIC  X(14)  VALLE  • REJECT  PESSAfii*. 

TT3  “TTUTR PIC  XI  24)  VALUE  5 PACES. 

01  OET-ltNE. 

05  FILLER  PIC  XI 10). 

gj  CET-CC PIC  ~X(85  ). — 

C3  OET-HSG  PIC  XI 38 1 . 

Cl  1ABLE-A.  

-£02254  03"T8l-ShUP  OCCURS  20  TlMESi 

C5  TBL-LVl  OCCURS  5 TIRES  PIC  999. 

_Cl_NQT-100. _ 

03'  FILLER  PIC  XIUI  VALUE  « ~ " MEASURE  *- 

C3  N-  ICQ  PIC  XX  VALLE  SPACES. 

03 FILLER PIC  xm  V_A l !£_•__ SHIP  _S. 

03  S-100  "PIC  XX  VALUE  SPACES. 

03  FILLER  PIC  XI 81  VALLE  * LEVEL 

000192  03  L-100  _ PIC  XI  SI  VALLE  SPACES. 

COC 194  03  FILLER  PIC  XI53I  'VALUE  SPACES. 

03  FILLER  PIC  >1151  VALLE  'FACTORS  ACT  ICO*. 

03  ^FILLER  PIC  XI 23  I VALUE  SPACES. „ 

PROCEDURE  OIVISION. 

ACCEPT  l-OATE. 

..RCyJt. SPACES,  TO  CEJL-UNE,. 

OPEN  INPUT  FACTOR-FILE. 

OPEN  OUTPUT  PRINT-FIU. 

PERFORM  CtfeARrTAfLt  .WiLA  / fcflft  l 6T.1  UNTIL  S QwtMfcR 

OOC27C  THAN  20  AFTER  L PROP  1 BY  1 LMIL  l GREATER  TRAN  5. 

HAO-FACTOR. 

_R £ *Q_Fa C T.5f ,FJ L E. _ .1  AT 0 F ACTp„Rr>gt C AT  {NO  GQ  LQ-EOJ.  

OOOilT  IF  FH-TYPE  - 'X'  GO  TO  READ-FACTOR. 

000276  IF  Ph-TVPE  » • N • GO  TO  READ-FACTOR. 

iF_FJt=.TVP{  •_•$•  CO  _T0  _REAC-F  ACT  ORj 

000280  IF  FH-TYPE  • • V GO  YO  READ-FACTOR. 

000282  IF  FP-TVPE  - 'N' 

DCC2C5 ROVE  NO-OF-.VESS  TO  V-NQ 1_ 

MOVE  NO-OF-SYST  TO  S-NO 
CO  TO  PEAC-FACTCR. 

EXPHJNE  FH-COOE  REPLACIAG  ALL  SPACES  EY  ItRQS. 

000286  IF  Fh-TYPE  ■ *W  • 00  TO  SET-EAR- Str-1  V. 

CCC28B  IF  FH-TYPE  - 'R»  CO  TO  S ET -CRR-SN-1R . 

_jC0C290 MOVE  'iNVAUG  C *PD  T . 
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6CC2C2  PERFORM  RRIN7-RTN. 

CCC244  CO  TO  READ-FACTOR. 

00C2V4  SET-ERR-SM-lH. 

0CC24*  ITTiHpnn  BOt  AUMERlt  MOVt  TTO  (RR-Skl. 

C003CC  IF  OllP— COOE  - • «'  60  TO  TEST-lRR-Sfc-14. 

000302  IF  CONT-SM  • • l*  60  TO  SET-IP-CONT. 

tooHS  IF  dONT— COOE  1 10 1 ~V~* 1 • 

000374  MOVE  1 TO  COMt-Sh 

00030*  PERFORM  TEST-M-NUM  VARY  INC  Yt  FROM  2 *T  1 Util 

S5o2to  »Y  5i!iiinWS  fa 

000312  CO  TO  TEST-EAR- SR- 1R. 

000314  PERFORM  TEST-M-NUM  VARY  IMG  YY  FROM  2 IT  I UNTIL 

0CC314  TV  GREATER  THAN  V-VO. 

DOOM*  CO  TO  TEST-EAA-SM-IR. 

CCC320  1ESY-R-NUM.  _ _ 

OOC322  ~^7~FH-Ei-N  ( YY1  ~K6T  NUHt  * 1C  ~>tvi  tRR-SRl . " 

000324  SET-lM-CONT. 

OC0216  COMPUTE  V-ROA  - V-AO  - 10. 

5oc SIT  PERFORM  “Tt  sT-a-aum  t*HtTS6  YY  MOK’ieY'i  UAYU 

000310  TV  CM  FT  IR  THAN  V-MOA. 

OOG312 HOVEJtERO  TO  CCAT-SM. ' . 

000344  TfST-T»*-S*^l¥r” 

IF  fRR-SMl  - 1 

MOVE  1 MON  KUM(H|C  FACTOR’  TO  CCT-MSC 

perform  prini-rtn  . " ' 

000200  MOVE  2EHU  TO  ERR-SM1 

m Tft  «J>*0-f  «T0«f-„ 

00020  U fH-TYPE  - «P  • 00  TO  SET-A-1C0. 

000334  IF  FM-Fl-N  111  (RE  FT  IP  TUN  ICO  MOVE  I TO  ERR-SRi. 

flCC!9«  IF  OfM-CQpE  • »X*  60  TO  ft>T-ERA-SM-2R. „ 

000104  if  coMT-cooe  1 ioi' - *i* 

COC 342  MOVE  I TO  CCAT-SM 

SC.fl.fi.. KIRFOPP  tesi-w-icq  vFPYi^JLffo^jj  JBULiaiAL. 

000310  W CRE4TEP  THAN  10 

C0C34P  CO  TO  TEST-ERM-SA-2M. 

000313  JF  C0NT-1P  - 1 wO  TO  SfY-*R-CCAt,  

000370  PEPF[)PM  YEST-K-100  VAHYlNC  Y V FROM  2 *Y  I CAUL 
COC  372  YY  GREATER  Th»N  V-AO. 

P0CJ74.  CO  TP  IfiWlfJh-n*. 

00017*  YCST-M-100. 

CCC37I  IF  FH-Fl-N  IYYI  CPEFTfR  IMAA  100  MOVE  1 TO  EPP-&M2-. 


O0C380  5ET-JJM-C0NT  • . . 

CGC326  COMPOTE  V-ACA  « V-AO  - 10 

PERFORM  YESI-A-IOC  » AS  Y 1 A6  T¥  FRCP  1 CY  1 UNI  It 

YY  GREATER  THAN  V-NQA.  

MO  YE  IE«C  TO  CGAT-SW. 


C00JI2  1EST-ERR-SM-2M. 

If  EPR-3WJ  « l . . .. 

MOVE  •FACTOR  CREATOR  THAN  100 • TO  Ctl-MSG 
PERFORM  PRINT-RTN 

POVE  2IR0  TO  iR«-$MJ.  _ 

CCCJU  IF  FH-IYPI  • 'A1  CO  10  PIG-PlA, 

OOC3V2  00  10  M6T-R IN . 


FFJNT-PTN.  _ _ 

'if  line-cir  greater  TMAA  30 

ADO  1 TO  PC-CTR 
_ MCVI  PC-CTR  TO  H-PACE 

MRlYE  P-II4E  FRCP  HE  AO- I AFTER  M Cl  S I T |0R  |KC  0 UNIS 
hnlll  P-tlNE  FROM  MJAD'2  AITIR  PUSI  HONING  1 UNIS 
MOVE  7 TO  lINf-CTR.  
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MOVE  fACIOP-HOLO  TO  OET-tO. 

1 T C P-LIPE  EDOM  HET-llM  AETIP  PUSHIONINC  2 LINES. 
ADO  J TO  LIKE-OIU 
"MOVE  SPACES  to  DEI-LINE. 
kGT-PTh. 

if  M£P  $■»  tAVE  » SPACE  J 

POVt  PN-MfAS  TO  P£A**SAV(. 

If  n-MEAS  NOT  EQUAL  TO  MEAT- SAVE 
O0O472  f£Pf CPP  TEU-IEVIL-J 

“POVC  P**-PfA$  TO  PEAS-HSE. 

if  COOE-SAVI  « SPACES 

POVE  fH-CODE  TO  COlf-SAVI. 


00050* 

LCCSCE 
COOSOE 
“■"BOOTH 
ccoAie 
_ COC9I2 
~C0C»14 
CCCilE 
000424 
~ '<CCS20 
COCAIO 
OOOJ/4 

000  m 

CCCS2I 

CELTIC 


TxahInE  Im-COOE  TALlYlhC  All  IlfcOS.  ~ 

MOVE  TAUT  IQ  PM-TALLT. 

CXAPINE  COOf-SAVl  lAUYlhC  ALL  /(PCS. 

' Tinvc  TALL V TO  SAVC-TAMV.  ™ — 

If  SAVl-t  ALLY  LESS  T Mh  E P-T  ALL Y 
CO  10  IfSt-LlYELS. 

M MOVE  /1 10  TO  NO-H*Sh 

save  '--'.cat. 

AJMC  EM-COOE  10  COOL- SAVE. 

PCVr  HP0  TO  T9L-TALLY.  *” 

ADO  PM-TALLY  TO  t PL*I ALLY. 

ADO  1 TO  Hi-  TALLY. 


If  CUP-COCi  » * iT * PtvruM  VAPYlhC  VY  ' 

PPQP  I PV  1 LPTU  V¥  CP.4HEP  T.At  V -f.J 
CO  TO  AEAO-fALTOK. 

if  cchT-corc  mci  . 

CONPLU  V-  * CA  * V-  LC  = 10 

PCPPLIPP  *PM  AO  •*/  VAPYIPC  Yf  PPXM  1 §VJ_  LMll 
*—yT  CM4|<>  ,,Ah  y . h U A 


CO  TO  PEAD-fACIOP. 

....ULiP^’-cooi  no*  - •*• 

PIPTOPP  PPPEAC-*  VAPYlhC  TV  f POM  1 IT  I UNTIL 
VY  OPfAHP  THAN  1C 
CO  TO  PfAC-f ALICE. 

►fPfOPM  SPPfAD-v  VAPYlhC  YY  M£P  i IV  1 Lfclll 
YY  CP  I AT  IP  T LAP  V-hO. 

CO  10  Pt*y-fAQ  !(?■«. 

BOOI) I SPPlAff-OLP-h.  ' ’ . 

ALL  TM-Tl-P  111  TO  TII-LVI  I Y Y , T It  - ! AIL  Y I 
IPJUAD-P2. 

000*4*  COMPUIL  «P  « YY  ♦ 1C. 

AOO  EM-fJ-P  I YY  I 10  T*l-LVl  I HA.  T «L -I  AL  L Y I . 



ALL  iH-ll-h  I VY  I l(J  TPL-LYL  I YYfTPl-  TAvi  Y*. 

CC044S  SM-f  PP-Sw-IP. 


00C4S(' 


CCC4E4 
OOCAE t 


If  C0N1-SP  - ) 60  T9  HT-lP.-jtAM  ,, 

|E  CCNT-di' “* 


OLE  MO  I • * I • 

MOVE  I TO  COhl-lk 

flPtUPM  TE»T-P-hiP  YAPY|h6.ii,fPjiP.i  ITJlJALU  , 
VY  CP  f AT (P  TIAh  10 
10  If  SI-EP*-»v-tP. 


CO 


juatw*  uit-p-num  vamvinc  ll f »_ri_kf*JjU 

YY  CPIAIIP  T L AN  S*NO. 

CO  TO  HII-IPP-H-IP, 

TIST-B-NUM.  , 

If  MifH  I YY  I hOT  hu  * i P I L MOV  I I TO  |PP-A«H. 
fcf  l -IP-CONT. 

oaosia it  iohj.-ioti  uoi  • zj‘ 
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0004*4 

~"toc4U 

1)PC4«4 

0004Vfc 


ooosoa 


(C«c* 

cocntb 

P0g>>4 

UOIi 
(IOC?  J« 
■'^OOO^JI 


iUi  1« 
GlC34l 


.m>M 


CCC1B0 


tCf  ■ 4 

CCC3  31 

oeom 

CCC440 

uUOWf 


00  10  ifl-IM-COMA. 

If  S-NU  G* MU«  THAN  )9  Him  1C  IQ  S-KOA 
tut 

COMUlC  1 -NOA  • J-M  -V.  ~ - ~ ” 

HI  *f  OHM  1 1 SI  -H-NUN  VAAVING  VV  f MQN  1 BY  i CA1U 
TV  C*IA1t*  THAN  1-NOA. 

If  >-N6  It  IS  IMAN  11  AN0  

If  - l MOVI  ZfMO  10  CONI- SO, 

00  1C  It  Sl-IM-ik- 1>. 

VT-H-CONU.  •"  ••'’ ••“ 

C0N*l.1t  S-NO*  <•  S-HO  - 10 

AttfOHH  US1-*-l<UN  V A I Y | HO  YY  MCM  BY  I UM  II, 

”lY  (i*t All*  iMAN  S-NflA-  ' '*"■ 

if  (OH-Ski  > i *ovl  lino  to  toni-sw. 

(.0  IP  11  Sl-tMh-Sk-lk,, 

'itr-n-iot.  ' ' - ~ 

If  CCM-COCf  (101  - * I '' 

H)Vf  I 10  tOM-Jk 

1 ICO  V 4* V INC  VV  f«ON  I HI  1 LNTI  l 

YY  G* ( f 1 1 * 1 *•  AN  10 
GO  10  HS«-t**-Sk-2k. 

*’  V COM-Sk  • 1 tO  V)  SU-ift-CONT. - “ 

ft*fl**  1i11~*-IOO  VAAY1AS  YY  MCA  , BY  1 UMtl 
YY  CHI  All*  YUAN  1-NO. 

~’~'CC  1C  mr-iPi-iy-2N.  — 

If  S1-#-l CO- 

lf  M— f i-N  f YY | 0*1*11"  (HAN  1(0  NOVI  1 10  (**-!kJ. 

— 

I?  CON  1-C.OOI  <|CI  • 'J» 

GO  111  SI  I -f  * - (ONI  A. 

'"If  S-M)  CAIAK*  IMA  |9  *DVC  10  10  i'NO*  

uu 

COWfUli  S-NOA  • S-NO  - H 
H*eO»f  If  11  **-100  VMYIkC  VV  f*C*  I BY  1 ONI  II 
YY  i**1  Alt*  IMAN  1-NUA, 

. Jf  ,.*-N0  UiY  TUN  It  . 

MOVI  11*11  10  COM-SH. 

GO  10  11  Sl-tM-lk-Jk. 

HWn-tGM*.  ...  . 

CU**'Hl  »~M>*  • S-AC  - JO 

MKfOUH  till-*"  100  YkAYINf,  YY  f MOM  1 BY  I IMIS 
VY  C,*|  All*  lHAA  S-AVA, 

MlSYt  l(#0  1(1  tOM-lfc, 

(Cl  1(  mi-IAH-SH-Jh. 

,*iG-riN.  .....  ...... .. 

II  NIA-H-ik  - l 

*r>vt  * INV At  It  MAHNO  CAHO*'  10  OH-MSG 

*|  Ml  0**  MJH1-ATN  . .. 

MU Vl  UNO  10  NO*- Jk 
CO  10  M *C-f AC10* • 

If  f M“COOI  1<H.*S  COOt-MS#  VC  10  *lfC-MC!.a>,  

MOVI  ‘UN**  1C  HI  Cl  MAHNO  ItfO*  1C  UI1-NIG. 

* I M f 0*  A AMlAl-fTN. 

GO  10  Mt AO-f AC1D*> 

HSI-HVIl-l. 

*i*fCAA  CHKA-I  Vl-l-(OH-IOO  VAHYINV  YY  A*UH  I 8V  1 

CN1H  11  G"CA.lfc*  Ihax  v-ML,  ... . , . . _ 

MOV#  M'ACI  J 10  (OCf'lAvl,. 

CMfC.»-l  VI  * I -fOM-lllO. 

. if  m-.cvt  iii,ji  no i • icc 


312 


^.jj,.>a  ^eatosSfcy'AS^X'-^T- . 


iT  W*  WK 


^<ii  ~ ; — ‘rrmfi*!' 


Sheet  6 of  6 


COC'JT*  ROVE  YV  TC  SHf  *s  iv  t 

CCC9AA  RERf ORR  LEVEL-l-RE  JECt. 

CC096S  ROVE  ZEROS  TO  T*L-LVL  ITY.9I. 

" UVTl'-l-REJECT  . * 

IF  LINE-CTR  GREATER  THAN  90 
AOO  1 10  PG-CTR 

WJVI  Pft-Ctfc  10  HORACE * 

hRITE  R-L1AE  FRGH  HEAC-1  AFTER  POSITIONING  C LINES 
hRITE  P-LINE  FROM  HEAO-2  AFTER  POSITION  INC  3 LINES 

how  i-  tuitne-ctr: — — — 

ROVE  REAS-SAVE  TO  R-100. 

HOVE  SHR-SAVE  TO  S-1C0. 

«Vf“»5»~T0  L-lQO. 

IF  EAR-SUB  ■ 1 

HOVE  CODE— SAVE  10  L-ICO  ROVE  ZERO  TO  LRF-SUS. 

BRIT E A-LINE  FROM  NOT- 100  AFTER  POSITIONING- T LTNE5T 

AOO  2 TO  LINC-CTR. 

HOVE  SPACES  TO  H-1CC  S-1C0  L-ICO. 

TEST-LEV  FLS  . 

AOO  1 TO  SAVE-1AIIV. 

0007*6  PERFORH  CHECK-FOR- ICC  VARYING  VV  FROH  1 81  1 LATH 

CC07A1  YY~  “CHEATER  TFAA  V-NO. 

CCC7S0  HOVE  1 TO  AO-A-Sh. 

0007S2  GO  TO  SAVE-U-COCE. 

— «oy*ncKECR~F«-roo. 

C0CTS6  IF  TBL-LVL  I T T . SAVE- IA  LIT  I NOT  • 100 
00079*  HOVE  YV  TO  SUP-SAVE 

turn  ROVE  1 TO  I RR-SO — — 

00Q7TZ  PERFORH  LE»{l-l-RE  J'iCT. 

OOClt*  ROVE  ZEROS  TO  f 6L— LVL  I VY.  SAVE-TALL  Y I . 

"Ilia'a-ta'Ile'.  ■ ■"  ' 

HOVE  ZEROS  T'J  TBL-LVL  IS, U. 

EC  J. 

CLCSf  FACTOR-f ILE»~  " 

CLOSE  PRIM-FILE. 

STOP  RUN, 


Calculation  Module  (WM2)  Listing  (Card  Images) 


IOENUF  ICATtON  OS  VI  5 1 OK. 

PROGRAR-IO.  

~RERAR*Sr'CCAST~CUARC  PASTE  RANAGERENt. 

COST  EFFECT!  VCNESS  OF  PASTE  PATER  AAMGERfNT 
SVSTERS  FO«  (O* ST  CORO  VESSELS. 

Invironrent  division, 
input-output  section. 

f IlE-CCNTROl  . 

$EL*tt  FACTOR-flcE  ASSIGN  "TO  ’OI-S-FaCTOpIN. 

SELECT  PRINT-FILE  ASSIGN  TO  L T-S- PA  I M E R. 

CATA  C I V IS  ION  • 

PILE  SECTION. 

EC  F ACTOR-f 1LE 

RECORDING  POOE  IS  F 

LABEL  RECORD  IS  ONITTEO 
RECORD  CONTAINS  80 
BLOCK  CONTAINS  0 RECORCS 
DATA  RECORD  IS  FACTORS. 

01  FACTORS  PIC  XI 8CI. 

fP  PRINT-FILE  

RECORDING  NODE  IS  F 
LABEL  RECORD  IS  URITTfcC 
RECORC  COMA'NS  131 
BLOCK  CONTAINS  C RECOROS  ‘ 

CATA  RECORC  IS  F-L  INE. 

_U  P-UNE  PIC  XI  1.3JJ.S 

LURKING-STORAGE  SECTION, 


FT 

PG-C7R 

Pic 

99 

VALUE 

ZERO. 

IT 

R-CTR 

PIC 

99 

VAILE 

7C  PL- 

FT 

S-CTF 

PIC 

99 

VALUE 

ZERO  . 

FT 

v-ctr 

PIC 

99 

VALUE 

ZERO. 

TT 

SAVE-R-NEAS 

Pic 

99 

VALLE 

ZERC. 

77 

SAVE-N-HEAS 

PIC 

99 

value 

ZERO. 

77 

PG  1— CODE— T ALL  V 

PIC 

9. 

_ .V  JlfiT-HOLJF-TAUt-JMC  S. 


77 

M-COCt-POLC 

Pic 

XI 5)  value  spaces. 

77 

RE  A S-ldGT—  SLM 

PIC 

999  VALUE  ZERC. 

. .7  7 

W-nO-CIR 

PIC 

99  VALLE  ZERO.  „ . . 

77 

r-no-ctr 

PIC 

999  VALUE  ZEF'’. 

77 

ANS-  l 

PIC 

SV9V9IS)  CCRP-3  VALUE 

ZERO. 

JT7 

AN S'  l . _ 

„PIC 

S99V9J } I CORP-3  VALLE 

ZERO.  . 

77 

BKT--1 

PIC 

S99V9ISI  CORP-3  VALUE 

ZERO  . 

77 

BKT-Z 

PIC 

S99V9I5I  CCRP-3  VALUE 

ZERC. 

If 

j)M>i  „ . 

I :c 

599991;!  r.n*<p -3  VAS.Lt 

ZERO. 

77 

BKT-A 

PIC 

S99V9ISJ  CQRP-.l  VALUE 

ZERO. 

77 

bxt-5 

PIC 

S99V91 5 I CORP-3  VALUE 

ZERO. 

77 

.EKT-I  _ . 

PIC 

S99V9iJ»  CORP-3  VALUE 
S99V9I5)  ECRP-3  VALUE 

ZERO, 

C0C095  77 

BK7-X 

PIC 

ZERO. 

77 

PR  INT-BKT 

PIC 

S999  CORP-J  VALUE  ZERO. 

J1 

PRINT -E 

_ P 1C 

SV99  CORP-3  VALUE  ZERO.  ....  . 

77 

NU-OF-M 

PIC 

99  VALUE  ZERO. 

77 

NO-OF-V 

PIC 

99  VALLE  ZERO. 

77 

NO--OF-S 

PIC 

99  VALUE  ZERO. 

CC0107  77 

V-NUA 

PIC 

99  VALLE  2E«L. 

000108  77 

XX 

PIC 

SS(4J  COHP. 

.JCCCUC  77 

XT 

PIC 

S9|47  QpRI • . 

000111  77 

17. 

PIC 

S9(4|  CORF. 

00011^  77 

C-REAS 

PIC 

S9UI  CORF. 

._..£CCU4  7 7 
Cl 

SV-MSK 

PIC 

9 V>LUt  Z t RJ&  » ...  . 

CARO-RORK . 
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03  CAR0-M3  PIC  9* 

COO  1 17  03  CARO-NO-X  REOEF I NE  5 CARO-60  PIC  XX. 

03  CARC-TYPE  PIC  X _ 

— 03  ' VtSS-MKE  “PIC  X(>7V. 

03  SVSTEH-CARO  REOEFINES  VESS-NARE. 

05  FILLER  PIC  XXX  c 

CC13C  “1»"“  SVSt-SnOR7  PIC  *1  MV."  "" 

.0172  C5  FILLER  PIC  X1461. 

03  RE  ASUR E-C ARC  RECEF 1NES  SYSTEM-CARD. 

C5HEAS-LCT  PIC  XXX. 

05  IAEAS— hOT-N  REDEFINES  REAS-hGI  PIC  000. 
05  MEAS-SHORT  PIC  XUO). 

~"~OCCKl  ' CS  PEA i— SHOP t A FI  C XI  0)  . 


000142 

05  FILLER 
03  AURBER-CARO 

PIC  X154I. 

RECIFIAES  PLASUHE-CARC. 

’£5  TILLER 

~“~T>IC  3151.  ' ““ 

05  NC-V 

PIC 

C5  FILLER 

PIC  X. 

c5  MC_S 

PIC.  59. 

05  FILLER 

PIC  XI671. 

COOl  t 1 

Cl  MAW-wOR:  . 

C3  PA  SK-  VES-nO 

'PIC  59." " 

01  PASK-CAftL-TYPE  PIC  X. 

Cl  PA  SK—06  I*  1 L 

OCCLPS  26  TIRES. 

“D5  PD-SYS 

PIC  55.  

03  FILLER 

PIC  x. 

Cl  HEAO-l. 


066152 

01 

1 ILt.EM 

PIC 

X ( T I VALUE  SPACES."  - 

CCCII3 

03 

H-OAf  E 

PIC 

X 181  . 

c\% 

MUR  p 

P|f 

XU  5! 

VAI  LIE 

SPACES. 

03 

flLLEi 

P 1C 

X ( *7  } 

Wut 

■EFFECTIVENESS  Or  CAROIOATE  *. 

000  16  4 

03 

FI  LIEF 

PIC 

X (22  1 

VAiUE 

■kASTCMATER  MANAGEMENT  •. 

occise 

C3 

FILLER 

Pic 

X12CI 

VAl.CE 

SPACES. 

03 

FILLER 

PIC 

X (51 

VALUE 

•PAGE  •. 

C3 

H-PACE 

PIC 

29- 

03 

F ILL  t R 

PIC 

XI  21) 

VALLE 

SPACES.  . . 

01 

HtAC  2 . 

ccc  is< 

C3 

FII  LEP 

PIC 

X 1 34  1 

VALUE 

SPACES. 

03 

FILLER 

PIC 

X 1 2 1 1 

value 

•SVSTEMS  FOR  SELECTEO  COAST  ». 

01 

FILLER 

PIC 

X 1 1 3 1 

value 

•CUARC  VESSEL  S’. 

CCC2C2 

C 3 

FILL!  K 

p;c 

X (SSI 

VALLE 

SPACES. 

0 1 

EEAC-3. 

03 

n ller 

PIC 

> (371 

VAI  U£ 

SPACES. 

03 

filler 

PIC 

1!  81 

VALLE 

■VESSEL  *. 

. 02 

R3-SAME 

PIC 

X 1 1 C i 

. VALUE 

SPACES. 

C 3 

F I l 

Pit 

X 10  ) 

VALUE 

SPACES. 

ooc; i? 

C 1 

R!-3-UN(J-:R  . 

03 

f II  .fP 

P 1C 

* L 17  ) 

VALUE 

SPACES. 

C5 

F 1 L .t  R 

PIC 

X (61 

value 

• * . 

C3 

F IL  LR 

PIC 

XI  90 

VALUE 

SPACES. 

Cl. 

H E Af — 4 . 



ccc;  ic 

C 3 

FILLER 

PIC 

xmi 

VALUf 

SPACES. 

000216 

03 

F ILLER 

PIC 

X ( 26  1 

VALUt 

•*•♦•••  MEASLPl  CF  E * . 

_ CCCZ2C 

. Cl 

FILLER 

PIC 

X 125  1 

VALUE 

■ ff  LCT  IVENESS  1_*NC  AS  SOU*.  

coca  i 

c z 

FILLER 

PIC 

X ( 26  1 

VALLE 

• AUO  Xfc  IGHT  J ••••*♦», 

000216 

0 3 

FII  UR 

pic 

X ( 21  1 

VALUE 

SPACE  S. 

01 

MEAQ-5. 

- - - 

OOC222 

C 3 

F II  LER 

PIC 

XI  31  ) 

VALUE 

SPACE  S. 

000221 

03 

R5  NOI 

PIC 

X II 11 

VM  U! 

SPACE  S. 

C3 

H5-NU2 

Pic 

XULI 

V*CUL 

SPACES,  

■A 


1 
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03  FS-N03 
03  HS-NG4 
03  H 3-NO  5 


000224 


03  KJ-N06 
C3  MS-AC 7 
C3  FILLER 


000226 


CL 


"cSclii 


03  FILLER 
MEAO-6, 

03  FILLER 


FI  C Mill  VALLE 
PIC  XUll  VALUE 
JUC  Kin  I VALUE 
PIC  XI  111  VALUE 
PIC  XUll  VALUE 
PIC  XI 141  VALUE 


SPACES. 

SPACES. 

SPACES. 

Space sr 


SPACES. 


OVERALL'. 


PIC  XUll  VALUE  SPACES. 


03  FILLER 
C3  H6-N01 
03  F6-N02 


PIC  Xt  131 
PIC  X i 16 ) 
PIC  XUll 
PIC  XI  111 


VALUE  • SVSIEN 
viLu'TTFKTS. 


VALUE  SPACES. 
VALUE  SPACES. 


fj 

1 


03 

N6—N03 

PIC  XUll 

value 

SPACES. 

03 

H6-N04 

PIC  XUll 

VALUE 

SPACES. 

03 

F6-N05 

PIC  Xtlli 

VALUE 

SPACES. 

C3 

H6-KC6 

PIC  XUll 

VALUE 

SPACES. 

03 

H6-NQ7 

PIC  XUll 

VALUE 

SPACES. 

03 

FILLER 

PIC  XI17I 

VALUE 

• EFFEC1IVENESS*. 

0C0248 

C3 

FILLER 

PIC  X (8 1 

VALUE 

SPACES. 

Cl 

FEAD-T. 

C0C232 

03 

FILLER 

PIC  X 118 1 

VALUE 

• NO. 

NAME 

t ^ 

0002*3 

C3 

FILLER 

PIC  X 1 1 6) 

VALUE 

« 

""  1*. 

03 

F7-NI 

PIC  224. 

03 

FILLER 

PIC  X 18  1 

VALUE 

• 1 

1*. 

03 

H7-V2 

PlC~l29. 

03 

FILLER 

PIC  Xlt) 

VALUE 

•1 

1*. 

C3 

H7-V3 

PIC  229. 

C3 

FILLER 

pic  mi 

VALUE 

•1 

T1. 

03 

F7-ML 

PIC  229. 

C3 

FILLER 

PIC  X 18 1 

VALUE 

•1 

1*  . 

03 

H7-W5 

PIC  ZZ4. 

03 

FILLER 

PIC  X 18  1 

VALUE 

•1 

!♦. 

C3 

H7-V6 

PIC  229. 

03 

FILLER 

PIC  X I 8 1 

VALUE 

« 1 

1 •. 

03 

H7-L7 

PIC  229. 

03 

_f.IL1.C-*. 

PIC  XIJll 

VALUE 

i £ r. 

000282 

03 

FILLER 

PIC  XIUI 

VALUE 

SPACES. 

Cl 


„oocm. 


UAOER-LIAE. 
Q3... FILLER 


PIC  XI2E1  VALUE 


_ , — t 


CCC288 

03 

FILLER 

PIC 

X 1 28  1 

VALUE 

000290 

03 

FILLER 

PIC 

XI  281 

VALLE 

00C242 

03 

filler 

PIC 

X 128  I 

VALUE 

CCC2S3 

C3 

FILLER 

PIC 

X 1 1 4 1 

VALUE 

000294 

C3 

F ILL ER 

PIC 

XI  7 1 

VALUE 

SPACES. 


__Gl. 


000300 


CEFAIL-LUE, 
C3  FILLER 
03  OEl-SYS 
.03  . JET-.PI 


PIC 

PIC 


XX. 

XI2EI. 


* 

03 

0EI-P2 

PIC 

22222222229. 

03 

CET-M3 

PIC 

22222222229. 

_ _C3 

0ET-P4 

PIC 

Ulllllllll.  ... 

03 

OE7-N5 

PIC 

22222222229. 

03 

CEI-N6 

PIC 

22222222229. 

4 

C 3 

OE7-P7 

PIC 

22222222229. 

03 

FILLER 

P 1C 

XI  131 

C3 

OET-OE 

PIC 

2224. 

000320 

03 

FILLER 

Pic 

XI  131.  _ 

) CCC20!  01 

RASK-LIFE. 

C3 

FILLER 

PIC 

XX. 

..00Q.326  ._ 

l 

._03 

HL-SVS  . 

PIC 

XI28I.  . 
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C 3 

filler 

PIC 

XI4) . 

03 

Nl-1 

PIC 

XXX. 

03 

FILLER 

PIC 

X (8  1 . 

Cl 

Ml- 2 

PIC 

XXX. 

03 

FILLER 

PIC 

X ( 8 ) . 

C3 

KL-3 

PIC 

XXX. 

C 3 

FILLER 

PIC 

XlE). 

03 

KL-4 

PIC 

XXX. 

C3 

filler 

PIC 

XI8I. 

03 

ML- 5 

PIC 

XXX.  ' 

03 

filler 

PIC 

X <8  ) . 

C3 

KL-6 

PIC 

xxx. 

03 

F ILLER 

PIC 

XI  81 . 

03 

ML  — T 

PIC 

XXX  . 

03 

filler 

PIC 

X(1  41  . 

7)3 

KL-OE 

PIC 

XXX. 

03 

FILLER 

PIC 

X (13  ) . 

CCC345 

000316 

COCJK 


000393 

CCC39A 


00040* 

__«S345_£»1 


Cl  NEAS-TA8LE. 

03  M-T AIL  E OCCURS  15  TINES.  “ 

C5  KI-mGT  PIC  499. 

C5  NT— NAME  PIC  XI 1CI. 

— ^ MT-NHA  PIC  XI 101- 

Cl  S3  5 1— TABLE • 

03  S-TABLE  OCCURS  3C  TIMES. 

05  ST-NC  PIC  99.  “ 

C5  SI-NAME  PIC  A 1 2 81 . 

01  VISS-TABLE. 

03  V-T ARIF  CCCUAS  20  TIKES. 

C5  W-NC  PIC  99. 

05  VT-N*MJ!JC  30).  _ 

oi  rig-table.  " 

03  R— I ABLE  OCCLRS  T TIKES. 

05  R-P ACTOR  OCCURS  180  TIMES-_ 

C7  R 1G-C00E  PIC  9(5). 

07  RIG-SHIP-NO  PIC  59. 

07  RIG-FACT  PIC  SSS9  COMP-3  OCCLRS  3C 

Cl  'MG  1-1  ABLt. 

03  h-TARLE  OCCURS  7 TINES. 

05  _m-FACT0P  CCCURS  75  TIKIS.  _ 

C 7 XGI-CODE  Pl'C  9(51. 

07  MGT-EACT  PIC  S599  COMP-3  OCCLRS  2C 

SL1  MASK-TABLE.  _ 

03  TABLE-MASK  OCCLRS  2C  TIMES. 

05  mASk-VES  PIC  99. 

..  ...  C5  K_A.SM.-SY5 m_99.  CSSyRi^6_UKi5j 

Cl  f-MORM. 

03  FW-MEAS-NO  PIC  99. 

_C3  FJ»-TTPJ  _P1C  X.  

C3  FW-COOE  ~ >IC  9(5). 

03  FM-COCE-X  RECEF1KES  FW-CCCE  PIC  XI5). 

C?  JF1LLER  ____PIC  IUIIji 

03  F W—  SHIP  PIC  99. 


_0QCA2^_ C?  JFJLLLER 

000425  03  FW-SHIP 

03  FM-DIJR 


03  FM-OUR  PIC  X. 

CCCA2E  53.  FM-PfTAIL  CCCLE1  1C  TIMES- 

000430  05  FH-FACT  PIC  999. 

CCCAJ2  CS  CCM-CCCE  PIC  X. 

PRQC ECUR E 0 IY I S ION . _ _ 

000359  ACCEPT  H-CATE. 

OPEN  INPLT  FACTOR-FILE. 
OPEN  flUTPLI  PRINT-FUE,  
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PERFORM  CLIAR-MEAS-TAElE  VARYING  F-CTR  FROM  I 6Y  1 
UNTIL  M-CIR  GREATER  THAN  15. 

PERFORM  CLtAR-SYST-T ABLE  VARYING  S-CTR  FROM  I BY  1 


C0C99B 


UNTIL  S-CTR  GREATER  THAN  30. 

PERFORM  CLEAR-VESS-1ABLE  VARYING  Y-CTR  FRCP  1 EY 
UNTIL  V-CTR  GREATER  THAN  10. 

PERFORM  C LEA R-RTG-NCT-T ABLE. 

GO  TO  REAO-FACTORS. 

CLEAR-MEAS-TABLE. 

MflvE  TCH5S  TOmt-nGY  (P-C1R) . 

MOVE  SPACES  TO  HT-NAME  ( M— CTR  ) . 

CLEAR-SYST-T  ABLE.  


MOVE  ZEROS  TO  ST-NO  (S-CTRl. 
MOVE  SPACES  TO  ST-NAME  I S-CTR). 

CLEAR-VESS-TABLE. 

MOVE  ZEROS  TO  VT-NO  I V-C  TSTii 
MOVE  SPACES  TO  VT-NAPE  IV-CTR). 
MEAS-CARO-RTN. 


EXAMINE  MEAS-MGT  REPLACING  ALL  SPACET'BT  ZcSOS. 
COC423  EXAMINE  CARO-NC-X  REPLACING  ALL  SPACES  EY  ZEROS. 
IF  MEAS-NGT-N  NOT  NUMERIC 

CIS  Elay  • nETGHT  NOT^Ku>_?RlC'"ON^Hn5ij«E  CiSX  *~ 


000596 


. DISPLAY  * RUN  A80RTJE0* 

GO  TO  EOJ. 

'TFT4EA5-WCT-N  G R Pi TE R T VA N ib d 

01  SPLAY  * INVALID  MEASURE  PEIGHT* 
CISPLAY  ‘RUN  AEORTEC* 


CCC5C9  GO  TC  EOJ. 

IF  ME AS— MG T— N LESS  THAN  ZERO 

• C IS  PL AY  * 1NVAL 1C  MEASURE  WEIGHT* 

DISPLAY  * RUN  ABCRTEC* 

000512  GO  TO  EOJ. 


IF  CARC-NO  CRE AT ER  T HAN__15 


CCCS20 

DISPLAY  ' MEASURE  NUMBER 
OISPLAY  ‘RUN  ABORTED* 

GO  TO  EOJ. 

INVALIC* 

MOVE  MEAS-hGT-N  TO  PT-NGT  (CARG-NCI. 

000.525 

MOVE  MEAS-SHORT  TO  HT-NAME 
MOVE  MEAS-SMORTA  TO  MT-NMI 

(CARO- NO). 
ICARC-NO). 

ADO  MEAS-kGT-N  TO  ME AS-NGT- 
ACC  1 TO  NO-OF-M. 

GO  TC  P6AC-FACT0RS. 

SUM. 

SYST-CARD-RTN. 

000968 

IF  CARC-NO  GREiTER  THAN  30 

£ 1 5 PL  A Y JL5  Y 5 IE  •*  NUMBER 

INVALIC* 

DISPLAY  *RLN  ABORTED* 

000590 

GO  TO  EOJ. 

CC&9J5 

. 11  CARB-NQ  LESS  THAh.iJL«C 

CCilit 


DISPLAY  'SYSTEM  NUMBER  INVALID* 
CISPLAY  *RUN  ABORTED* 
,fiQ_TO_EGJ» 


G0C5I9 

.MC45  K 


MOVE  CAPO-NO  TO  ST-NO  ICARO-NO). 

MCVE  SYST-SHORT  TO  ST-NAME  tCARC-NO). 

GO  TO  READ-FACTORS. 

VESS-CARO-RTN. 

IF  CARO-NC  GREATER  THAN  20 

01  SPLAY  • VESSEL  AUMBEP  INVALlC* 

DISPLAY  *JOB  AEORTEC' 

GO  TC  EOJ. 


^J_F  tARfcNO  AC3S  THAN.ZERO_ 
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C1SFLAY  'VESSEL  AUMeER  INVALIC' 

01 SPLAY  'JOB  ABORTED' 

000572  GO  TO  EOJ. 

M0Vf  CARD-AO  'TO  VT-AO  (CARt-NC) " 
MOVE  VESS-AAME  TO  VT-NANE  (CARD-AC). 

GO  TO  SfAC-FACTORS. 

CCCA31  MASK-CARD-ATA. 

MOVE  CARD-kORK  TO  MASK-kORK. 

PERFORM  BUIIC-MASK  VARYING  VY  FROM  1 BY  1 UNTIL 

YY  GMEATCR  THAN  26. 

MOVE  MASK-VES-NO  TO  MASK-VES  ( FASK-VE  5- ACI • 

GO  TO  REAC-f ACTORS. 



IF  MO-SYS  € VY I NOT  EOUAL  SPACES 

MOVE  MO-SYS  IYY»  TO  MASK-SYS  (H ASK- VE $~NQ f Y Y > . 

ENO-OF-CAROS.  " ' ' 

MOVE  MT-kGT  (II  TO  HT-kl. 

CCC6C2  MOVE  MT-AAME  (1)  TG  F5-NCI. 

— C00603 MOVE  HT-NM A 111  TO  Ft-NOl. 

MOVE  MT-kGT  (21  TO  F7-k2. 

0006C6  MOVE  MT-NAME  (2)  lO  N5-NG2. 

000607 KCVr~HT-NMA  (2)  TO  F6-N02.'  - ' 

KCVE  MT-kGT  (3)  TO  F7-k3. 

CCCtlO  MOVE  MT-NAME  (3)  TO  H5-N03. 

— ceo6ir“"~>cvrE“'WT-NNA  is)  to  Ft-nnar 

MOVE  NT— LG T U)  TO  H7-k4. 

0QC614  MOVE  MT-NAME  (A I TO  H5-N0A. 

CCtStt M0Vt~MT-A>A  14)  TC  F6-ACA.' 

MOVE  MT-kG  T (51  TO  H7-k5. 

0006IB  NCVE  _MT— NAME  (51  TO  H5-N0S.  _ 

CCC619  MCVC  MT-AMA  (51  TO  F6-N05. 

MOVE  MT-kGT  (A I TO  H7-k6. 

000622  MOVE  MT-NAME  J6)_T0  F5-N06.  

COOE23  " MOVE  MT-APA"  (6)  "TO  P6-AC6. 

MOVE  MT-kGT  ( 7 1 TQ  H7-k7. 

000626  MCVE  MT-NAME  (7)  TV  F5-NG7. 

CCC62 7 MOVE'  MT-AFA  (7)  TO  H6-AC7 J 

CL EAR-RTG-WGT- TABLE. 

MOVE  ALL  '0'  TC  RTO-TAECE. 

'MOVE  all  'O'  TO  kGT-TABLE. 

000533  MOVE  ALL  '0'  TO  MASK-TABLE. 

READ-FACTORS. 

REAO  FACTOR-FILE  I ATC  F-fcCRK  AT  EAC  GC  TO  T ABIES-EUILT . 
IF  FV-TYPE  ■ «R'  GO  TO  FACTQR-R-R TN. 

_|F  Ft<_-iTVPE_«  'k'  CG  TO  FACTOR-M-RTN. 

HOVE  F-kORK  TO  CARO—  kOR A. 

IF  Fk-TYPE  m *M'  GO  TO  ME A S-C ARO-RTN. 

IF  Fk-TYPE  - ' S'  CO  TO  SYST-C t PC-RTA. 

IF  Fk-TYPE  - ' V,_  GO  TO  VfSS-t ARO-RTA. 

0Q05A9  IF  FH-TYPE  - *K’  GO  TO  MASK-CARD- RTN. 

IF  Fk-TYPE  - • N1 

MOVE  NC-V  TO  NO-OF-V 
MOVE  AC-S  TO  MQ-OF-S 

_ GO  TO  RJAO-FACTCFS..  _ _ 

000558  0 I SPLAY  'INVALID  CARO  TYPE*. 

01  SPLAY  'RUA  AECRTEC'. 

CQQ6E6  GO  TO  EOJ. 

F ACT  OR— R— Rt~N •• 

IF  SAVE-R-REAS  EOLAt  ZERO 

MOVE  ZERO  70  >j 
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000682 


MOVE  FW-MEAS-NC  TO  SAVE-R-MEAS. 

IF  Fk-MEAS-NO  NOT  ECUAL  10  SAVE-R-MEAS 
MOVE  ZERO  TO  XX 


IF  CONT-COOE  (101  LESS  THAN  '2*  AOO  1 TO  XX. 
MOVE  FW— ME AS— NO  TO  C-HEAS. 


HOVE  FW-COOE  TO  RTfr-CQOE  (C-MEAS.XX). 

000738  IF  FW-SHIP  NOT  NUMERIC  MOVE  ZEROS  TO  RTG-SHIP-NQ  (C-HEAS, XXI 

. else  " * : ~ - 

HOVE  FW-SHIP  TO  RTG-SHIP-NQ  (C-KAS.XX). 

CCC736  IF  CGNT-CCOE  (10)  - "V 


COMPUTE  V-NOA  « NO-OF-S  - 20 
PERFORH  8UILC-R3  VARYING  YY  FROM  l BY  1 LMIl 
YY  GREATER  THAN  V-NOA 


GO  TO  REAO-FACTORS 
IF  CONT-COCE  (10)  - • 2 • 

GO  TO  FACTOR-R— 2. 

IF  CONT-COM  (lCT^  ’i* 

PERFORM  BU ILO-K-T  ABLE  VARYING  YY  FROM  1 BY  1 UNTIL 
VV  GREATER  THAN  10 


PT<»  iiMlT  *33  /M  M.VPY 


PERFORM  BU 1L0-R— T ABLE  VARYING  YY  FROM  1 BY  1 UNTIL 
YY  GREATER  THAN  NO-OF-S 


C0C6S5 


00C6S9 


CCC7I4 


C0C724 

000726 

000727 


000030 


TiMTT  Tin  JTH  fTHW 


FACTOR-R-2. 

IF  NO-OF-S  GREATER  THAN  IS 


HOVE  10  TO  V-NOA 
ELSE 

COMPUTE  V-NOA  ■ NO-OF-S  - 10. 


PERFORM  BU1LC-R2  VARYING  YY  FROM  1 BY  1 UNTIL 
YY  GREATER  7HAN  V-NOA. 

GO  TO  REAO-FACTORS. 

BUIIO-R-TAELE. 

HOVE  FN-FACT  ( YYI  TO  RTG-F  ACT  (C-PE  AS  .XX,  YY  I . 
8UILC-R3.  


COMPUTE  ZZ  ■ YY  ♦ 20. 

HOVE  FW-FACT  (YY)  TO  RTG— FACT  (C-FEAS,XX,ZZ). 
BU1L0-R2. _ _ 


CCMFUTE  ZZ  - YY  ♦ 10. 

MOVE  FW-FACT  (YYI  TO  RTG-FACT  (C-XE AS, XX ,2Z) . 
FACTOR-W-RTN.  _ 


IF  SAVE-V-MEAS  EQUAL  ZERO 
MOVE  ZERO  TO  XX 
FW-HEAS 


IF  FW-MEAS-NO  NOT  EQUAL  TO  SAVE-W-MCAS 
MOVE  ZERO  TO  XX 

MOVE  FW-MEAS-NC  TO  SAVS-W-MEAS. 

IF  CONT-COOE  (10)  LESS  THAN  • 2'  ACD  1 TO  XX. 

MOVE  FW-MEAS-NO  TO  C-ME4S. 

LXAMINE  F H-cqCi-A  .RtPLAiLLN Q _ALL- SPACIS.-LY  £ERQS.» 

MOVE  FV-COOE  TO  VGT-COOE  (C-HEAS, XX ) . 

IF  FW-OUP  ■ »X* 

PERFORM  BUILO-W-OUP  VARYING  YY  FROM  1 BY  1 UNTIL 
YY  GREATER  THAN  ND-OF-Y 
GO  TO  REAC-FACTORS. 

IF  CCNT-COOE  (10)  - *2* 


, COMPUTE  V-NOA  • NO-OF-V  - 10 

PERFORM  6UUC-W2  VARYING  TV  FROM  1 BY  1 UNTIL 
YY  GRE ATER  THAN  V-NOA  
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€0  TO  REAC-F ACTORS. 

if  ccrt-cooe  uoi  - *i» 

PERFORM  8LUO-W-TABLE  VARYING  TV  FROM  1 BY  1 UNTIL 
CTflT|R"THiR"T5 
GO  TO  REAC-FACTORS. 

PERFORM  BUILD- V-TA6LE  VARYING  VY  FROM  1 BY  1 CRTIl 


GO  TO  RE AO— FACTORS* 

BUILC-M- TABLE. 

MITfff  TYY  J ~T 0 UCT-F ACT  IC-KEAS.  XX,  YY). 

CC0141  8ULD-N-DUP. 

MOVE  FII-FACT  (1)  TO  NGT-FACT  1C-MEA S* XX. YY). 


COMPUTE  XX  - YY  ♦ 1C. 

MOVE  FN-FACT  (VV)  TO  NCT-FACT  (C-NEA S. XX.ZZ ). 


00074b 


PERFORM  END-OF-CARO*. 

MOVE  ZEROS  TO  XX.  YY.  ZZ.  C-MEAS. 

~ — 5AVE-R-MEA51 

SAVE-tr-MEASc 
P-CTR.  S-CTR.  V-CTR. 


IF  MEAS-HGT-SUM  NOT  EOUAL  IOC 

DISPLAY  ’MEASURES  CO  NCT  TOTAL  100* 


000764  GO  TO  ECU. 

TEST- V— CTR. 

IT  'V-CTR  GREATER  THAN  NCFOT^V  GITTlPECj: 

IF  S-CTR  EQUAL  NO-OF-S 

PERFORM  HEAC1MG-RTN  THRU  F-EXIT 

MOVE  ZERO  TO  S-CTR  N-CTR 
CO  TO  TEST -V-CTR. 

ADO  1 TO  S-CTR. 

EST-M-tTR.  ' — ' ' “ ' — 

IF  P-CTR  ECUAl  NO-CF-M 

PERFORM  .ALCU.AIE-E 

MOVE  ZMri  TO  M-CTR 
GO  Tr  TEST-V-CTR. 

A 00  1 tj  M-CTR. 

CALC-RESI wtS. 

ADO  l TC  Vi— MO— CTR. 

If  W-COOE— HOLD  - SPACES  MOVE  MGT-COOE  IP-CT R .N-NO- CTR) 

TO  M— CODE— MOLC. 

EXAMINE  WGT-COCE  (M-CTR. V-RC-CTR)  TALLYING  ALL  ZEROS. 

MOVE  TALLY  TO  fcGT-COOE-T ALL Y. 

EXAMINE  h-COCE-MOLC  TALLYING  ALL  ZEROS. 

MOVE  TALLY  TC  *GT— HOID-T ALIY. 

IF  WG.f-COOE-TALLY  GREATER  THAN  NGT-HOLO-TALLV 

GO  TO  CHANGE-LEV  EL • 

MOVE  WGT-COOE  (P-CTR. k-RC-CTR)  TO  h-COOE-FOLC. 

-MATCH. 

AOO  1 TO  R-NC-CTR. 

00C6I!  IF  RTG-COOE  (M-CTR,R-NO-CTR)  GREATER  than 

HGT-COCE  IM— CTR. b-NO— CTR ) CO  TO  R-NO-MATCH. 

IF  RTG-SMI F— NO  IM-CTR.R-NO-CTR)  • ZERO 
GO  TO  RV-MATCH. 

IF  RTG— SUP— NO  IM-CTR.R-NO-CTR)  ■ V-CTR 

GO  TO  RN-MATCH. 

CO  TO  R-NO-MATCH. 

C CCS S3  RH.rMJjC.tU 
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CO  TO  TES1-P-C1R, 
calculat e-e. 

COM WT E RRINT-E  RCUNCEC  - EKT- 


E • 100. 


-HOv€  2CR6S  to  BxT-E. 

MCVi  PRINT-E  TO  CET-OE. 

POVE  ST-NAPE  IS-CTRI  TO  CIT-SYS. 

000*43  PERFORM CHECK-KASK  Tmrl  CM-EktT. 

WRITE  P-LINE  PROP  OE I A lL~L 1NE  AFTER  POSITIONING  i LINE*. 
POVE  SPACES  TO  OETAll-LINE. 

HOVE  SPACES  TO  W-COOE-HOLD. 

FEACIKG-RTN. 

AOD  I TO  V-CTA. 

IE  V^TA^GAEATEA  Than  NO-OF-V  GO  TO  H-EPI  T. 

POVE  VT-NAPE  | V-CT  PI  TO  PI-NAPE. 

0CCE33  AOD  1 TO  PG-CTP. 


HMOVE  BG-CTA  TO  H-PAGE. 

WRITE  P-llNE  PROP  HEAr.-i  AFTER  POSITIONING  0 LINES. 

WRITE  P-LINE  FROM  HEAD-2  AFTER  POSITICMNG  1 LINES. 

WRITE  P-LINE  FROM  PEAD-3  AFTER  POSITIONING  3 LINE  S. 

001113  NPITE  P-LINE  FPCP  H— 3-ONCER  AFTER  POSITIONING  I LINES. 

WRITE  P-LINE  FROM  HEAD-4  AFTER  POSITIONING  3 LINES. 

600476'  HR  IT  T'P-IINE  From  pEAD-5  AFTER  POSITIONING  2 LINES.  

WRITE  P-LINE  FROM  PE  AD— 6 AFTER  POSIT  |C, RING  1 LINES. 

WRITE  P-LINE  FROM  HEAD-7  AFTER  POSITIONING  1 LINES. 

WRJTI  P-LINE  PROP  UNOER-LiNf  AFTER  POSITIONING  1 LINES. 
H-EAII. 

EXIT. 

000*61  CHCX-MA5R. 

P£f  FORM  TEST-MASK  VARYING  TT  FRCP  1 BY  1 CM S I 

TV  Cfi  C AT  ER_T  HAN  2i. 

'IF  SW-^MASK  NOT  ECLAL  I GO  TC  tP-EXll. 

POVE  EERO  TO  Sw-PASK. 

_PQVE  SPACES  TO  PASR-LINE.  

ROVE  ST-NAPE "IS-CTR I TQPL-SYS^ 

POVE  ‘N/A*  TO  PL-l,  PL-2,  Pl-3,  Pl-4, 

_ _ _ ML- 5,  PL-4,  Pl-T,  RL-OE. 

"rove  pTsx-line  TO  OETAIl-LINE. 

CM-f PIT. 

_ . EXIT, _ 

TEST-PASK. 

IF  PAJK-SVS  IV-CTA.VVI 
move  1 TS  Ji  W-MASX. 


■ S-CTR 


EC  J. 


CLOSE  FACTCR-FUE 

PRINT-_F.1LE, 

STOP  RUN. 


» U.s.a.r.o,  T27- 104/1302-1660 
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